Journal Pre-proof = s

European Journal of
Vascular & Endovascular Surgery

European Society for Vascular Surgery (ESVS) 2026 Clinical Practice Guidelines on
the Management of Descending Thoracic and Thoraco-Abdominal Aortic Diseases

Anders Wanhainen, Chair, Alexander Gombert, Co-chair, George A. Antoniou, Liliana
A. Fidalgo Domingos, Ryan Gouveia e Melo, Martin Grabenwdger, Stephan Haulon,
Athanasios Katsargyris, Tilo Kélbel, lan M. Loftus, Kevin Mani, Barend M.E. Mees,
Germano Melissano, Luis Mendes Pedro, Carlota F. Prendes, Konstantinos Spanos,
Nikolaos Tsilimparis, Isabelle Van Herzeele, Maarit Venermo, Eric L.G. Verhoeven,
Frederico Bastos Gongalves, Martin Bjorck, Nabil Chakfé, Raphaél Coscas, Nuno V.
Dias, Sandro Lepidi, Timothy A. Resch, Jean-Baptiste Ricco, Santi Trimarchi, Riikka
Tulamo, Christopher P. Twine, Adam W. Beck, Colin D. Bicknell, Philippe Kolh, Anne
Lejay, Gustavo Oderich, Hence J.M. Verhagen, Frank E.G. Vermassen

PII: S1078-5884(25)01319-X
DOI: https://doi.org/10.1016/j.ejvs.2025.12.050
Reference: YEJVS 10196

To appearin:  European Journal of Vascular & Endovascular Surgery

Please cite this article as: Wanhainen A, Gombert A, Antoniou GA, Fidalgo Domingos LA, Gouveia e
Melo R, Grabenwdéger M, Haulon S, Katsargyris A, Kélbel T, Loftus IM, Mani K, Mees BME, Melissano
G, Pedro LM, Prendes CF, Spanos K, Tsilimparis N, Van Herzeele I, Venermo M, Verhoeven ELG,
Gongalves FB, Bjorck M, Chakfé N, Coscas R, Dias NV, Lepidi S, Resch TA, Ricco J-B, Trimarchi S,
Tulamo R, Twine CP, Beck AW, Bicknell CD, Kolh P, Lejay A, Oderich G, Verhagen HJM, Vermassen
FEG, European Society for Vascular Surgery (ESVS) 2026 Clinical Practice Guidelines on the
Management of Descending Thoracic and Thoraco-Abdominal Aortic Diseases, European Journal of
Vascular & Endovascular Surgery (2026), doi: https://doi.org/10.1016/j.ejvs.2025.12.050.

This is a PDF of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability. This version will undergo additional
copyediting, typesetting and review before it is published in its final form. As such, this version is no
longer the Accepted Manuscript, but it is not yet the definitive Version of Record; we are providing
this early version to give early visibility of the article. Please note that Elsevier’s sharing policy for the
Published Journal Article applies to this version, see: https://www.elsevier.com/about/policies-and-



https://doi.org/10.1016/j.ejvs.2025.12.050
https://doi.org/10.1016/j.ejvs.2025.12.050
https://www.elsevier.com/about/policies-and-standards/sharing#4-published-journal-article

standards/sharing#4-published-journal-article. Please also note that, during the production process,
errors may be discovered which could affect the content, and all legal disclaimers that apply to the
journal pertain.

© 2025 Published by Elsevier B.V. on behalf of European Society for Vascular Surgery.


https://www.elsevier.com/about/policies-and-standards/sharing#4-published-journal-article

CLINICAL PRACTICE GUIDELINES DOCUMENT

European Society for Vascular Surgery (ESVS) 2026 Clinical
Practice Guidelines on the Management of Descending Thoracic

and Thoraco-Abdominal Aortic Diseases

Anders Wanhainen *, Alexander Gombert, George A. Antoniou, Liliana A.
Fidalgo Domingos, Ryan Gouveia e Melo, Martin Grabenwdger, Stephan
Haulon, Athanasios Katsargyris, Tilo Kdlbel, lan M. Loftus, Kevin Mani, Barend
M.E. Mees, Germano Melissano, Luis Mendes Pedro, Carlota F. Prendes,
Konstantinos Spanos, Nikolaos Tsilimparis, Isabelle Van Herzeele, Maarit
Venermo, Eric L.G. Verhoeven, Frederico Bastos Goncalves, Martin Bjorck,
Nabil Chakfé, Raphaél Coscas, Nuno V. Dias, Sandro Lepidi, Timothy A. Resch,
Jean-Baptiste Ricco, Santi Trimarchi, Riikka Tulamo, Christopher P. Twine,
Adam W. Beck, Colin D. Bicknell, Philippe Kolh, Anne Lejay, Gustavo Oderich,

Hence J.M. Verhagen, Frank E.G. Vermassen T+#

T Affiliations: Anders Wanhainen (Chair; Uppsala and Umed, Sweden), Alexander
Gombert (Co-chair; Aachen, Germany), George A. Antoniou (Manchester, UK),
Liliana A. Fidalgo Domingos (Faro, Portugal), Ryan Gouveia e Melo (Lisbon,
Portugal), Martin Grabenwdger (Vienna, Austria), Stephan Haulon (Paris, France),

Athanasios Katsargyris (Athens, Greece and Nuremberg, Germany), Tilo Kdlbel



(Hamburg, Germany), lan M. Loftus (London, UK), Kevin Mani (Uppsala, Sweden),
Barend M.E. Mees (Maastricht, the Netherlands), Germano Melissano (Milan, Italy),
Luis Mendes Pedro (Lisbon, Portugal), Carlota F. Prendes (Uppsala, Sweden),
Konstantinos Spanos (Larissa, Greece), Nikolaos Tsilimparis (Munich, Germany),
Isabelle Van Herzeele (Ghent, Belgium), Maarit Venermo (Helsinki, Finland), Eric
L.G. Verhoeven (Nuremberg, Germany), Frederico Bastos Gongalves (Lisbon,
Portugal), Martin Bjorck (Uppsala, Sweden, Tartu, Estonia, and Trondheim, Norway),
Nabil Chakfé (Strasbourg, France), Raphaél Coscas (Boulogne-Billancourt, France),
Nuno V. Dias (Malmé and Lund, Sweden), Sandro Lepidi (Trieste, Italy), Timothy A.
Resch (Copenhagen, Denmark), Jean-Baptiste Ricco (Poitiers, France and
Toulouse, France), Santi Trimarchi (Milan, Italy), Riikka Tulamo (Helsinki, Finland),
Christopher P. Twine (Bristol, UK), Adam W. Beck (Birmingham, AL, USA), Colin D.
Bicknell (London, UK), Philippe Kolh (Liége, Belgium), Anne Lejay (Strasbourg,
France), Gustavo Oderich (Houston, TX, USA), Hence J.M. Verhagen (Rotterdam,
the Netherlands), Frank E.G. Vermassen (Ghent, Belgium).

* For a full list of the authors’ affiliations, please refer to Appendix B.

" Corresponding author. Department of Surgical Sciences, Uppsala University, 75185
Uppsala, Sweden.

E-mail address: anders.wanhainen@uu.se

Running title odd: ESVS 2026 Guidelines on the Management of Descending

Thoracic and Thoraco-Abdominal Aortic Diseases



Objective: The European Society for Vascular Surgery (ESVS) has developed
clinical practice guidelines for the care of patients with descending thoracic and
thoraco-abdominal aortic pathologies, in succession to the 2017 version, with the
aim of assisting physicians and patients in selecting the best management strategy.
Methods: The guideline is based on scientific evidence complemented with expert
opinion on the matter. By summarising and evaluating the best available evidence,
recommendations for the evaluation and treatment of patients have been formulated.
The recommendations are graded according to the ESVS grading system, where the
strength (class) of each recommendation is graded from I to Il and the level of
evidence from A to C.

Results: One hundred and twenty-nine recommendations have been issued across
the following main topics: (1) acute thoracic aortic syndrome; (2) chronic type B
aortic dissection; (3) descending thoracic and thoraco-abdominal aortic aneurysms;
(4) ruptured descending thoracic and thoraco-abdominal aortic aneurysms; and (5)
blunt thoracic aortic injury. Additional topics include genetic aortopathy, floating
thrombus and shaggy aorta, inflammatory aortitis, mycotic aortic aneurysms,
coarctation of the aorta, aberrant subclavian artery, and service standards such as
surgical volume, imaging, risk assessment, and optimisation. Special considerations
include pregnancy, left subclavian artery revascularisation, spinal cord ischaemia,
stroke prevention, vascular access, and the patient’s perspective. A final chapter
addresses unresolved issues.

Conclusion: These clinical practice guidelines provide comprehensive, up to date
advice to clinicians and patients on the management of descending thoracic and

thoraco-abdominal aortic pathologies.
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WHAT IS NEW COMPARED WITH THE EUROPEAN SOCIETY FOR
VASCULAR SURGERY (ESVS) 2017 DESCENDING THORACIC

AORTA DISEASE GUIDELINES?

The European Society for Vascular Surgery (ESVS) 2026 clinical practice guidelines
on the management of descending thoracic aorta (DTA) and thoraco-abdominal
aorta (TAbdAo) diseases represent a comprehensive and fully updated revision of
the previous 2017 edition.! Every section has been carefully revised or rewritten to
reflect the rapid technological and clinical advances in the field over the past decade.
A total of 129 recommendations have been issued; 42 graded Class I, 57 Class lla,
26 Class lIb, two Class llla, and two Class llIb. Compared with the previous 2017
edition, 83 recommendations are new (21 Class I, 39 Class lla, 19 Class llb, two
Class llla, two Class Ilib) and 33 recommendations (17 Class |, 11 Class lla, five
Class IlIb) have been regraded or significantly rephrased, altering meaning to some
extent. Only 13 recommendations remain unchanged (four Class I, seven Class lla,
two Class IIb). This reflects both the growing body of knowledge in DTA/TAbdAo
disease management and the broadened scope of the document, highlighting the
urgent need for updated guidance to keep pace with rapidly evolving technology,
particularly in the field of complex endovascular repair.

The 2026 guidelines integrate 458 new references published between 2018 and
2025, including nine primary or secondary analyses from randomised controlled trials
(RCTs), 131 literature reviews and meta-analysis, and 75 studies based on vascular
registries or quality initiative programmes. Nevertheless, the overall strength of
evidence remains weak, with only three of 129 (2.3%) recommendations supported
by Level A evidence, five by Level B evidence, and a striking 121 (93.8%)

recommendations rely on Level C evidence or expert consensus. This highlights the
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persistent need for robust prospective studies to strengthen the evidence base for
DTA/TAbdAo disease management.

Structurally, the guidelines introduce several new chapters, expand existing content,
and place greater emphasis on multidisciplinary decision making, patient centred
care, and quality assurance. A new chapter on service standards addresses
resource requirements, institutional capabilities, minimum surgical and endovascular
case volumes, registry participation, and quality control measures. Another major
update consolidates recommendations on imaging, risk assessment, and peri-
operative considerations. Here, upgraded guidance is provided on computed
tomography angiography for diagnosis and follow up, while new sections introduce
intra-operative fusion imaging, magnetic resonance imaging, transoesophageal
echocardiography, intravascular ultrasound, and fluorodeoxyglucose positron
emission tomography/computed tomography (FDG-PET/CT) for detecting infection
or inflammation. The same chapter introduces the concept of multidisciplinary pre-
operative risk assessment by dedicated aortic teams, expands recommendations on
medical optimisation, and provides new advice on managing the “shaggy” aorta. It
also emphasises comprehensive patient information and shared decision making
(SDM) to ensure individualised care. Special attention is given to pregnancy related
DTA pathology and dissections, with a strong recommendation to refer such cases to
high volume aortic centres for individualised multidisciplinary management by
cardiovascular—obstetric teams. Several new recommendations address left
subclavian artery revascularisation techniques, reflecting the rapid development of
endovascular approaches. Spinal cord ischaemia prevention and management have
been further protocolised, with a stronger focus on staged repair, reactive

cerebrospinal fluid drainage, preservation of collateral networks, and early clinical
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neurological evaluation. A new recommendation suggests pre-flushing of the
thoracic endograft delivery system during thoracic endovascular aortic repair
(TEVAR) to reduce the risk of cerebral air embolism. In addition, a newly added
section on vascular access recommends percutaneous femoral access with
ultrasound guidance and provides updated strategies to minimise access related
complications.

The chapter on acute thoracic aortic syndromes has been comprehensively updated.
Conservative management remains the standard of care for uncomplicated acute
type B aortic dissection (ATBAD), with anti-impulse therapy and structured imaging
surveillance forming the cornerstone of treatment. A new negative Class llla
recommendation explicitly advises against routine TEVAR in these cases. In recent
years, much attention has been paid to identifying high risk features for
complications in ATBAD, with invasive treatment increasingly considered. However,
the Guideline Writing Committee notes that among the proposed markers, only early
aortic expansion with a diameter greater than 4.0 cm has shown consistent
predictive value for aneurysmal degeneration. Other factors, such as false lumen
diameter, primary entry tear size or location, and false lumen thrombosis, remain
less well validated. Pending the results of ongoing RCTs, early TEVAR should
therefore be considered only in carefully selected patients with uncomplicated
ATBAD who show early aortic expansion or a large initial diameter greater than

40 mm, preferably during the subacute phase. Several new and revised
recommendations address endovascular treatment of complicated type B
dissections, incorporating updated technical strategies.

In chronic type B aortic dissection, the principal threshold for elective repair remains

unchanged at 60 mm. This distinction is important, as it differs from some other
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contemporary guidelines and reflects the absence of robust evidence supporting any
benefit from lowering the threshold for intervention. However, numerous new
recommendations reflect advances in fenestrated and branched endovascular aortic
repair (FBEVAR) as well as adjunctive endovascular techniques. The indication for
open surgical repair is more restricted, further emphasising an endovascular first
strategy when anatomically feasible. The same paradigm applies to descending
thoracic aortic aneurysm (DTAA) and thoraco-abdominal aortic aneurysm (TAAA),
where the 6.0 cm threshold for elective repair is retained, but complex endovascular
repair is prioritised over open surgery whenever possible. This chapter also
introduces new sections on peri-operative anticoagulation, antithrombotic therapy,
and considerations for accessory renal artery preservation during repair.

The chapter on ruptured DTAA and TAAA issues multiple new recommendations on
decision pathways for emergency endovascular vs. open repair. The management of
blunt thoracic aortic injury has been updated in line with the newly adopted ESVS
classification, harmonising recommendations with the 2025 ESVS vascular trauma
guidelines.? Non-operative management is now the preferred strategy for ESVS
grade 1 injuries, while ESVS grade 2 injuries are stratified into high and low risk
subgroups, guiding the decision between urgent or delayed TEVAR.

Further new chapters expand the scope of the guidelines. An entirely new section
covers the classification, detection, and management of endoleaks and distal stent
induced new entry, with updated imaging protocols and tailored treatment
recommendations. Genetic aortopathies now receive expanded detailed guidance on
genetic testing, surveillance, and surgical decision making, with carefully selected
patients offered endovascular repair as an alternative option. Additional

recommendations address special conditions such as floating thrombus, aberrant

15



subclavian artery (arteria lusoria) and Kommerell's diverticulum, aortic coarctation,
and inflammatory aortic diseases such as Takayasu arteritis and giant cell arteritis.
Mycotic aortic aneurysms are now recognised as treatable by either open surgery or
endovascular repair, depending on anatomic suitability.

Taken together, the 2026 guidelines strongly emphasise an endovascular first
paradigm wherever anatomy permits, reflecting the central role of fenestrated and
branched techniques in contemporary practice. It also underlines the importance of
multidisciplinary care, promoting centralised treatment in high volume aortic centres
and structured team based decision making. Quality assurance is reinforced through
recommendations on registry participation, standardised outcome reporting, and
continuous quality improvement. A greater focus is placed on patient centred care,
with an emphasis on incorporating patient perspectives, SDM, and tailoring
interventions to life expectancy and functional status. Finally, the guidelines
acknowledge the persistent evidence gaps in many areas of aortic disease
management and call for robust prospective trials and registry based studies to

address these limitations in the future.
Key themes across the 2026 update:

e Endovascular first paradigm — complex endovascular repair (FBEVAR) is
prioritised whenever anatomically feasible.

e Multidisciplinary care — stronger emphasis on centralised treatment in high
volume centres and team based decision making.

¢ Quality assurance — reinforced guidance on participation in registries,
structured reporting, and continuous quality improvement.

e Patient centred approach — expanded focus on patient perspectives, SDM,

and tailoring interventions to life expectancy and functional status.
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e Acknowledgment of evidence gaps — clear recognition of the limited high
quality evidence in many areas, with a call for future robust prospective

studies.

Table 1. New, changed, and unchanged recommendations included in the European Society
for Vascular Surgery (ESVS) 2026 clinical practice guidelines on the management of
descending thoracic and thoraco-abdominal aortic pathologies in comparison with the

previous 2017 guidelines. Numbers correspond to the numbers of the recommendations in the

guideline document.
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New Class lla recommendations

2. Patients with acute descending thoracic aortic disease should be considered for prompt transfer

to aortic centres for comprehensive evaluation and management.

8. To reduce radiation exposure, magnetic resonance imaging should be considered as an
alternative imaging modality for diagnosis, surveillance, and post-operative follow up of

descending thoracic aortic pathologies, especially in younger patients.

9. Flourine-18 fluorodeoxyglucose positron emission tomography integrated with computed
tomography (18F-FDG-PET/CT) should be considered an adjunctive imaging modality in the

diagnostic evaluation of infected and non-infected aortitis of the descending thoracic aorta.

10. Intra-operative image fusion should be considered during endovascular thoracic and thoraco-

abdominal aortic repair to reduce radiation exposure, contrast volume, and operating time.

19



15. Multidisciplinary assessment of patient frailty should be considered for candidates for elective

descending thoracic aortic repair.

22. The choice between open and endovascular left subclavian artery revascularisation during
thoracic endovascular aortic repair should be considered on a case by case basis, taking into

account urgency, patient physiology, anatomy, underlying pathology, and patient preferences.

24. Staged repair should be considered for patients undergoing extensive thoracic and thoraco-

abdominal endovascular aortic repair.

28. Preservation of flow to the internal iliac arteries should be considered during endovascular

thoraco-abdominal aortic repair to reduce the risk of spinal cord ischaemia.

33. To enable device delivery, endovascular or open surgical optimisation should be considered

for compromised access due to diseased and or small calibre iliofemoral arteries.

34. Percutaneous access should be considered the preferred method for common femoral artery

access in patients undergoing thoracic endovascular aortic repair.

38. Patients with uncomplicated acute type B aortic dissection should be considered for continued
conservative management, with anti-impulse therapy and surveillance with serial cross sectional

imaging.

41. Distal extension with an appropriately sized endograft should be considered to ensure a distal

seal in ruptured acute type B aortic dissection.

43. Proximal landing of the thoracic endograft in non-dissected aorta should be considered for

patients undergoing treatment for acute type B aortic dissection.
51. Patients with type B aortic dissection should be considered for long term statin therapy.

55. Proximal landing of the thoracic endograft in non-dissected aorta or surgical graft should be

considered in patients treated for chronic type B aortic dissection.

56. Endovascular repair with fenestrated and branched technologies should be considered first
line therapy in patients with chronic type B aortic dissection and aneurysm formation involving the

thoraco-abdominal aorta.
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67. If coverage of the coeliac artery is required to achieve an adequate seal during endovascular
repair for descending thoracic aortic repair, revascularisation should be considered if collateral

flow from the superior mesenteric artery is insufficient, preferably by endovascular techniques.

69. Balloon expandable bridging covered stent design should be considered as first choice for

fenestrations.

72. Renal perfusion using cold crystalloid solutions, such as histidine—tryptophan—ketoglutarate
(HTK) solution, should be considered during open surgical repair of thoracic and thoraco-

abdominal aortic aneurysms to minimise ischaemia—reperfusion injury.

73. Viscoelastic testing to assess real time clot formation and stability should be considered
during open surgical repair of thoracic and thoraco-abdominal aortic aneurysms to guide

haemostatic management.

75. Activated clotting time monitoring should be considered during open and endovascular repair
of thoracic and thoraco-abdominal aortic aneurysms to assess heparin efficacy and guide

additional dosing.

77. Preservation of large accessory renal arteries (=4 mm) or those that supply a significant
portion of the kidney (= one third) should be considered during thoraco-abdominal aortic aneurysm

repair to minimise the risk of post-operative renal dysfunction.

80. A policy of permissive hypotension during the pre-operative period should be considered in
patients with a ruptured thoracic or thoraco-abdominal aortic aneurysm, provided adequate end

organ perfusion is maintained.

82. Increased endograft oversizing should be considered in emergency endovascular repair of
ruptured descending thoracic aortic aneurysm when pre-operative imaging was obtained during

hypotension.

83. Endovascular repair using off the shelf branched stent grafts, physician modified endografts,
or in situ fenestration techniques should be considered the preferred treatment modality for

ruptured thoraco-abdominal aortic aneurysms.

21




87. Video assisted thoracoscopic decompression of haemothorax should be considered for
organised haematoma or inadequate percutaneous drainage cases after endovascular ruptured

descending thoracic aorta repair.

94. Systemic heparinisation during thoracic endovascular aortic repair for blunt traumatic aortic
injury should be considered individualised, taking into account the risk of bleeding,

thromboembolic complications, and the severity of any associated traumatic brain injury.

95. Moderate stent graft oversizing should be considered in emergency endovascular repair of

blunt thoracic aortic injury when pre-operative imaging was obtained during hypotension.

98. Magnetic resonance angiography should be considered the preferred imaging modality for

long term surveillance after blunt thoracic aortic injury, whenever feasible.

102. Distal stent graft induced new entry should be considered for re-intervention with distal

endograft extension to seal the defect.

105. Patients with genetic aortopathies should be considered for serial imaging surveillance of the
aorta and its major arterial branches with computed tomography or magnetic resonance

angiography.

112. Antithrombotic therapy should be considered for symptomatic thrombus or asymptomatic

“floating” thrombus in the descending aorta.

117. Elective endovascular repair should be considered as the first line surgical approach for

patients with inflammatory arteritis of the thoraco-abdominal aorta.

120. Urgent surgical repair of mycotic thoracic and thoraco-abdominal aortic aneurysms should be

considered irrespective of aneurysm size.

121. An individualised treatment strategy (open surgical repair, endovascular repair, conservative,
or palliative management) for mycotic thoracic and thoraco-abdominal aortic aneurysms should be
considered, based on urgency, anatomic considerations, surgical risk, causative pathogens, and

patient preferences.
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122. Individualised antibiotic therapy for mycotic thoracic and thoraco-abdominal aortic aneurysms
should be considered, with treatment duration ranging from four to six weeks to lifelong,

depending on microbiology, surgical approach, and immune status.

125. Patients with an aberrant subclavian artery and or Kommerell's diverticulum should be

considered for evaluation of associated structural abnormalities.

127. Surgical treatment should be considered in patients with an aberrant subclavian artery and or
Kommerell’s diverticulum who present with symptoms attributable to compression of adjacent

structures, such as the oesophagus or trachea.

129. The choice of surgical repair technique (open, hybrid, or endovascular repair) of an aberrant
subclavian artery and or Kommerell’s diverticulum should be considered, individualised based on

the treatment indication, anatomy, surgical risk, underlying pathology, and patient preferences.

New Class Ilb recommendations

11. Transoesophageal echocardiography may be considered for use as an adjunctive intra-

operative imaging modality during open or endovascular thoracic aortic repair.

12. Intravascular ultrasound may be considered for use as an adjunctive intra-operative imaging

modality for guidance during thoracic endovascular aortic repair.

17. Extensive thrombosis “shaggy aorta” may be considered for intensified medical therapy with

statins to stabilise the thrombotic lesions before aortic repair.

31. Pre-flushing of the delivery system of the thoracic endograft may be considered in patients

undergoing thoracic endovascular aortic repair to reduce the risk of cerebral air embolism.

57. Distal false lumen occlusion may be considered as an adjunct to thoracic endovascular aortic

repair in patients with chronic type B aortic dissection and aneurysm formation.

63. Non-infected saccular descending thoracic aortic aneurysms may be considered for early
surgical treatment with a lower diameter threshold for elective repair than for standard fusiform

aneurysms.
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68. In endovascular thoraco-abdominal aortic repair, fenestrations may be considered preferred
over branches for the renal arteries when the endograft is adjacent to the aortic wall at the level of

the renal arteries.

70. Balloon expandable, self expanding, and combinations of bridging covered stent designs may
be considered for branches during thoraco-abdominal aortic repair, taking into account the

bridging distance, target vessel anatomy, and properties of the bridging stent.

76. For patients without an increased bleeding risk, temporary dual antiplatelet therapy may be
considered after endovascular thoraco-abdominal aortic aneurysm repair with fenestrated or

branched endografts to reduce thrombotic complications and improve target vessel patency.

78. Pre-emptive embolisation of accessory renal arteries may be considered in selected cases

before endovascular thoraco-abdominal aortic aneurysm repair.

84. Compartmentalisation of a ruptured post-dissection thoraco-abdominal aortic aneurysm, by
false lumen occlusion techniques or focal, controlled rupture of the dissection lamella, may be

considered to enable endovascular exclusion of an isolated thoracic rupture.

85. Open surgical repair may be considered in selected patients with a ruptured descending

thoracic or thoraco-abdominal aortic aneurysm when endovascular repair is not feasible.

86. Haemothorax drainage may be considered after endovascular repair of a ruptured descending

thoracic aorta once the patient is haemodynamically stable.

89. Thoracic endovascular aortic repair may be considered for ESVS grade 1 blunt thoracic aortic
injury and presence of concomitant traumatic brain injury to permit higher cerebral perfusion

pressures when strict blood pressure control is not feasible.

100. Compromised or inadequate landing zones without visible endoleak after thoracic or thoraco-

abdominal endovascular repair may be considered for re-intervention to improve seal.

101. Type Il endoleak after thoracic or thoraco-abdominal endovascular aortic repair may be
considered for re-intervention in the presence of significant (= 1.0 cm) aneurysm sac growth, after

ruling out type | and Il endoleaks.
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113. Endovascular intervention may be considered for symptomatic thrombus or asymptomatic

“floating” thrombus in the descending aorta when medical management is unsuccessful.

126. An incidentally detected, non-aneurysmal, asymptomatic aberrant subclavian artery may be

considered for serial imaging surveillance at five year intervals, beginning at age 40 years.

128. Surgical treatment for asymptomatic aberrant subclavian artery and or Kommerell's
diverticulum may be considered when the transverse vessel diameter is = 3.0 cm or when the

combined distance between the edges of the diverticulum and the adjacent aorta is 25.5 cm.

New Class llla recommendations

37. Routine thoracic endovascular aortic repair is not indicated for uncomplicated acute type B

aortic dissections outside clinical trials.

111. Escalation of antithrombotic therapy is not indicated for asymptomatic mural thrombus in the

descending thoracic aorta.

New Class IlIb recommendations

19. Endovascular or open surgical repair, whether elective or for ruptured thoracic or thoraco-
abdominal aortic aneurysm, is not recommended in patients deemed unfit for repair or unlikely to
benefit due to severe comorbidities, frailty, limited life expectancy, or those who decline

intervention after shared decision making.

44. Balloon moulding and or excessive oversizing of the thoracic endograft is not recommended in

patients with acute type B aortic dissection as it increases the risk of proximal or distal stent graft

induced new entry.

Changed Class | recommendations

3. Aortic centres treating descending thoracic aortic disease are recommended to have a yearly

caseload of = 20 repairs (class upgraded from IlIb)
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Changed Class lla recommendations

30. Peri-operative monitoring of motor evoked potentials should be considered during open
thoraco-abdominal aortic repair for early detection of spinal cord ischaemia (class upgraded from

Iib)

54. Thoracic endovascular aortic repair should be considered as the primary treatment option for
patients with chronic type B aortic dissection and aneurysm formation confined to the thoracic

aorta (rephrased)
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65. Endovascular repair with fenestrated and branched technologies should be considered as the
first line surgical treatment option in patients with thoraco-abdominal aortic aneurysms

(rephrased)

90. Delayed thoracic endovascular aortic repair (> 24 hours) should be considered for ESVS

grade 2 blunt traumatic aortic injury without high risk features (rephrased)

99. Direct (type | and Ill) endoleak after thoracic or thoraco-abdominal endovascular repair should

be considered for re-intervention (class downgraded from I)

106. Marfan syndrome patients with an aortic diameter =2 5.0 cm should be considered for

descending thoracic aortic aneurysm repair(rephrased)

107. Patients with Loeys—Dietz syndrome and an aortic diameter >4.5—5.0 cm should be
considered for descending thoracic aortic aneurysm repair, taking into consideration diameter

progression rate, age, family history, and pathogenic variants (rephrased)

108. Patients with vascular Ehlers—Danlos syndrome with descending thoracic aortic pathologies

should be considered for individualised surgical treatment decision making (rephrased)

109. For preference, open surgical repair should be considered for elective treatment of thoracic

aortic disease in patients with genetic aortopathies (rephrased)

110. Endovascular aortic repair should be considered in patients with genetic aortopathies when
open surgery is contraindicated, in high risk surgical candidates, in acute settings, or for redo
procedures, preferably with landing zones in pre-existing surgical grafts (class upgraded from Ilb

and rephrased)

124. Endovascular treatment should be considered as first line therapy for adult patients with
aortic coarctation, with stent choice (balloon expandable vs. self expanding, bare metal vs.

covered stents) based on individual anatomic and clinical factors (rephrased)

Changed Class lIb recommendations
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Unchanged Class lla recommendations

21. Left subclavian artery revascularisation should be considered in patients undergoing elective
thoracic endovascular aortic repair with intentional left subclavian artery coverage, taking into

account the risk of end organ ischaemia and urgency of the procedure.

27. Re-implantation of major intercostal arteries should be considered during open thoraco-

abdominal aortic repair to reduce the risk of spinal cord ischaemia.

45. Open surgical repair of complicated acute type B aortic dissection should be considered in

selected patients unsuitable for endovascular repair.

48. Patients with complicated penetrating aortic ulcer or intramural haematoma of the thoracic

aorta should be considered for thoracic endovascular aortic repair.

52. Patients with chronic type B aortic dissection and an aortic diameter =6.0 cm should be

considered for repair, taking into account fitness, aneurysm anatomy, and patient preferences.

61. Patients with descending thoracic or thoraco-abdominal aortic aneurysms and an aortic
diameter > 6.0 cm should be considered for repair, taking into account fithess, aneurysm anatomy,

and patient preferences.

116. Surgical treatment should be considered in selected patients with inflammatory arteritis of the
thoraco-abdominal aorta and its branches, taking into consideration aneurysm size, evidence of

end organ ischaemia, and inflammatory disease activity.

Unchanged Class llb recommendations

53. A lower aortic diameter threshold (= 5.5 cm) for repair may be considered in selected patients

with chronic type B aortic dissection.

62. A lower aortic diameter threshold (= 5.5 cm) for repair may be considered in selected patients

with descending thoracic or thoraco-abdominal aortic aneurysms.

30




1. METHODOLOGY

1.1. Purpose of the guidelines

The European Society for Vascular Surgery (ESVS) has developed clinical practice
guidelines for the care of patients with diseases of the descending thoracic aorta
(DTA) and thoraco-abdominal aorta (TAbdAo), in succession to the 2017 version,!
with the aim of assisting physicians in selecting the best management strategy.3
Potential users of these guidelines include any physician involved in the
management of patients with DTA and TAbdAo diseases, such as vascular
surgeons, vascular physicians and angiologists, primary care doctors, cardiologists,
cardiovascular surgeons, interventional radiologists, and other healthcare
professionals involved in the care of these patients, as well as health policy makers
and industry. Furthermore, the guidelines aim to serve as an important source of
unbiased information for the patient and their relatives to optimise shared decision
making (SDM) (see Chapter 11).

Guidelines promote standards of care, but are not a legal standard of care. They are
a “guiding principle”, and the care delivered depends on patient presentation, choice,
comorbidities, and setting (techniques available, local expertise).

These guidelines are based on scientific evidence complemented by expert opinion
on the matter. By summarising and evaluating the best available evidence,
recommendations for the evaluation and treatment of patients have been formulated.
The recommendations represent the general knowledge at the time of writing these
guidelines, but technology and disease knowledge in this field may change rapidly;
therefore, recommendations can become outdated. The ESVS aims to update the
guidelines when important new insights into the management of diseases of the DTA

and TAbdAo become available.

31



The ESVS 2026 clinical practice guidelines on the management of DTA and TAbdAo
diseases are published in the European Journal of Vascular and Endovascular
Surgery (EJVES) as an online open access publication, are perpetually freely
available, as well as being free to access via the ESVS website. They are also

available on a dedicated ESVS Guideline App (https://esvs.org/guidelines/).

1.2. Compliance with AGREE Il standards

The Appraisal of Guidelines for Research and Evaluation (AGREE 1) reporting
standards for assessing the quality and reporting of practice guidelines* were
adopted during preparation of the 2026 guidelines; a checklist is available as

supplementary material in Appendix A.

1.3. Guideline Writing Committee

Guideline Writing Committee (GWC) members were selected by the GWC chairs
and the ESVS Guideline Steering Committee (GSC) to represent clinicians involved
in the management of patients with DTA and TAbdAo diseases. The GWC
comprised 20 vascular and cardiovascular surgeons from 11 European countries.
The members of the GWC have provided disclosure statements of all relationships
that might be perceived as real or potential sources of conflicts of interest. These
disclosure forms are kept on file at the ESVS headquarters. GWC members received
no financial support from any pharmaceutical, device, or industry body to develop the
guidelines.

The ESVS GSC was responsible for the endorsement process of this guideline. All

experts involved in the GWC have approved the final document. The guideline
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document underwent a formal external expert review process and was reviewed and
approved by the ESVS GSC and by the EJVES. This document has been reviewed
by 18 reviewers from 11 countries, including 11 members of the GSC and seven

external reviewers.

1.4. Methodology

1.4.1. Strategy. The work on this guideline started in October 2020 but was delayed
due to the COVID-19 (coronavirus disease 2019) pandemic and the subsequent
restructuring of the GWC. The GWC had regular online meetings and a face to face
meeting in Uppsala, Sweden, in August 2024 to review the wording and grading of
each recommendation. If there was no unanimous agreement, discussions were held
to decide how to reach a consensus. If this failed, then the wording, grade, and level
of evidence was secured via a majority vote of the GWC members. After several
online follow up meetings, the GWC was able to agree on a final set of
recommendations in August 2025. The document underwent four external review

rounds. The final version of the guideline was submitted in September 2025.

1.4.2. Literature search and selection. A systematic literature search for relevant
papers published up to June 2025 was performed in PubMed (MEDLINE), Embase,
and the Cochrane Library. No language constraints were applied. Reference
checking and hand search by the GWC members added other relevant literature.
The members of the GWC performed the literature selection based on information
provided in the title and abstract of the retrieved studies. Only peer reviewed
publications were included, following the pyramid of evidence principle. Multiple

randomised controlled trials (RCTs) or meta-analyses of multiple RCTs were at the
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top, then single RCTs or large non-randomised studies (including meta-analyses of
large non-RCTSs), followed by meta-analyses of small non-RCTs, observational
studies, case series, and large prospective audits. Expert opinion was at the bottom

of the pyramid, while case reports and abstracts were excluded.

1.4.3. Recommendations. The ESVS clinical practice guidelines recommendation
grading system was used for grading the strength (class) of each recommendation,
graded from | to 11l (Table 2), and the level of evidence, graded from A to C (Table
3).

The supporting text aims to provide a summary basis for the need for and
classification of recommendations. Described differences, effects, etc., are always
significant unless otherwise stated, although confidence intervals or p values are not
always stated. For more details, the readers are referred to the Table of Evidence

(ToE) (Appendix A) or the cited reference.

Table 2. European Society for Vascular Surgery (ESVS) clinical practice guidelines

recommendation grading system: class of recommendations.®

Class Definition Wording
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lla Weight of evidence or opinion is in favour of should be considered

usefulness or effectiveness

lib Usefulness or effectiveness is less well established  may be considered

by evidence or opinion

Table 3. European Society for Vascular Surgery (ESVS) clinical practice guidelines

recommendation grading system: levels of evidence.’

Data derived from a single randomised trial, high quality” non-randomised
studies, or meta-analysis of such studies

Consensus opinion of experts, data from low quality’ studies, or meta-
analysis of such studies

* Large prospective, population based, observational, or registry studies.

T Small, retrospective studies or case series.

1.4.4. Limitations. These guidelines have important limitations affecting
generalisability. The general lack of robust evidence from prospective studies and

RCTs with appropriate follow up observations is an unfortunate reality, for both open
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and endovascular DTA and TAbdAo repair. The rapid technological development in
the field makes it difficult to obtain the necessary long term data for different devices
and methods. The lion’s share of the available evidence originates from highly
developed socio-economic societies, while conditions in low and medium income
countries are not covered. Other conditions that may require adaptation are large
geographic referral area, inaccessibility of certain products, devices, and apparatus,
social deprivation, and poverty. These factors must be kept in mind when managing
other target groups or when operating in other settings and environments.

Aortic disease occurs more frequently in men, and current guidelines, while well
intentioned, may not fully apply to women, who remain under represented in most
trials and studies. Similarly, participants are often predominantly white males, limiting
the generalisability of findings across different racial and ethnic groups.

There was no formal evaluation of facilitators and barriers, and the guidelines did not
have the scope to go into detail regarding health economics, largely because
individual countries have different processes for determining cost acceptability and
different insurance and healthcare provider structures, pricing levels, and economic
incentives, which makes costs largely incomparable.

As in the previous version of this guideline,! pathologies affecting the ascending
aorta and the aortic arch are not discussed, with reference to other recently
published dedicated guidelines and ESVS consensus document.®’

The chapter on blunt thoracic aortic injury (BTAI) focuses specifically on aspects
relevant to vascular surgical treatment of the DTA. For a more comprehensive
overview of vascular trauma management, readers are referred to the ESVS 2024

clinical practice guidelines on the management of vascular trauma.?
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For guidance on aortic graft and endograft infections, the reader is referred to the
ESVS 2024 clinical practice guidelines on the management of abdominal aorto-iliac
artery aneurysms? as well as the ESVS 2020 clinical practice guidelines on the
management of vascular graft and endograft infections® and its pending 2026
update.

The chapter on genetic aortopathy focuses on the vascular surgical management of
DTA/TAbdAo pathologies. For broader clinically relevant information on genetic and

internal medicine aspects, the reader is referred to other sources.'01?

1.4.5. The patients’ perspective. A key aim of these guideline is to optimise SDM.
This requires access to unbiased evidence based information regarding all available
treatment options, together with a balanced discussion of risks, benefits, and
potential consequences in a manner the patient understands and that takes his or
her preferences, needs, and values into account.

In order to improve accessibility and interpretability for patients and the public, a
plain English summary of these guidelines was subjected to a lay review process.
Men and women with a history of DTA or TAbdAo disease were provided with the
drafted plain language summary of the guideline document, which they were advised
to read before attending an educational event. At that event, the diagnostics,
management, and outcomes of treatments for common DTA diseases were
discussed. They were then invited to attend a focus group meeting, where the
guideline development process was explained and specific aspects of the guideline
were discussed, such as focus on patient orientated outcomes and methods to
enhance accessibility and interpretability. Issues such as clarity, consistency, and

simplicity in the presentation and recommendations that have been raised previously
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in earlier ESVS guideline developments were also addressed. Information gathered
was used to inform the guideline development process and or the formation of the

recommendations.

2. SERVICE STANDARDS

DTA diseases are relatively rare.*?> While the presentations of DTA pathologies may
involve various specialties (e.g., acute care medicine, cardiology, surgery), most
physicians are likely to manage few patients with these very rare pathologies over
their career. On the other hand, for centres focusing on aortic disease, management
of DTA diseases is an integral part of practice. Another challenge in the
management of DTA pathologies is the relative scarcity of high level evidence in this
field. These aspects may have implications for the organisation of services provided

for management of DTA pathology, as discussed in this chapter.

2.1. Resources, availability, and surgical volume

DTA pathology may range from incidental findings with no immediate clinical
relevance to life threatening emergencies requiring urgent surgical intervention.
These cases are often first detected at centres with limited experience in managing
aortic disease, where timely action is critical. Well established referral networks and
protocols for rapid transfer to specialised aortic centres can improve outcomes in
acute cases. The UK'’s centralised “hub and spoke” model for aortic surgery, which
has led to improved results in abdominal aortic aneurysm (AAA) repair, illustrates
this approach.® These networks also help to ensure that incidental findings and

follow up decisions are managed by experienced specialists.
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Although no universal definition exists, an “aortic centre” in the context of these
guidelines refers to a facility with round the clock vascular surgical expertise capable
of providing both medical, endovascular, and open surgical care of DTA pathology.
Additional essential competencies include advanced cardiovascular imaging,
cardiology and cardiothoracic surgery for cardiac and proximal aortic disease,
vascular anaesthetics and intensive care, clinical genetics for genetic aortopathy,
and specialised angiology and hypertension management.

Not all patients with acute DTA pathology require immediate surgery, e.g., those with
uncomplicated intramural haematoma (IMH) or type B dissections (see Chapter 4).
In such cases, the need for transfer to an aortic centre is often debated. While data
are limited, one study suggests improved survival outcomes for aortic dissection
(AD) managed at high volume centres.** Given the potential for rapid deterioration
even in initially uncomplicated cases, access to urgent surgical expertise may be
beneficial. The decision to transfer should be guided by clinical judgment and SDM
with the patient.

A clear volume—outcome relationship has been demonstrated across numerous
surgical procedures, including those for DTA disease.*®>*8 This association is
particularly evident in thoraco-abdominal and open repairs, whereas the data are
less robust for standard thoracic endovascular aortic repair (TEVAR). Several
national studies have demonstrated improved outcomes for endovascular thoraco-
abdominal aortic aneurysm (TAAA) repair at high volume centres, despite treating
older patients with more complex anatomy. US,*® German,?° and Australian!’ registry
studies all show lower morbidity and mortality rates in high volume hospitals and
among high volume surgeons. Furthermore, a population based study from Canada,

including 664 patients undergoing TAAA repair, reported improved long term
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outcomes in high volume institutions.?* Although no precise threshold can be
defined, centres performing fewer than 20 DTA repairs annually appear to have
inferior outcomes; the GWC therefore considers this a reasonable minimum surgical
volume threshold for now, including DTA, TAbdAo, and arch repair.

The optimal timing for intervention in DTA pathology has not been well studied.
However, by analogy with AAA and other high risk conditions (e.g., malignancies),
an upper limit of eight weeks from decision to treatment is considered reasonable for
standard elective DTA repair.2 For high rupture risk cases, such as large aneurysms
(> 7 cm), a shorter timeframe is warranted (for more information on high risk
dissection and aneurysms, see Chapters 5.2 and 6.2). Conversely, in patients with
significant comorbidities or complex anatomy, delayed repair may be appropriate to
allow for work up and medical optimisation and planning, including custom graft

preparation.??

Recommendation 1 New

Management of descending thoracic aortic disease is recommended to be organised in

defined networks with established referral pathways.

Class Level Reference

| C Consensus

Recommendation 2 New

Patients with acute descending thoracic aortic disease should be considered for prompt

transfer to aortic centres for comprehensive evaluation and management.

Class Level Reference

lla C Consensus
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Recommendation 3 Changed

Aortic centres treating descending thoracic aortic disease are recommended to have a

yearly caseload of 220 repairs.

Class Level Reference

| C Consensus

Recommendation 4 New

A fast track vascular surgical care pathway” is recommended for patients with a descending

thoracic aortic pathology who meet the size criteria for elective repair.

Class Level Reference

| C Consensus

" An eight week pathway is a reasonable upper limit from referral to elective treatment, while a shorter
timeframe should be considered for high risk disease (e.g., > 7.0 cm aneurysms), and a lengthier

planning or work up time may be justified for more complex pathology or comorbid patients.

2.2. Registries and quality control

Much of the evidence guiding the management of DTA disease is derived from
registry based cohort studies. Device specific registries, such as the Global Registry
for Endovascular Aortic Treatment (GREAT) (W.L. Gore Medical, Phoenix, AZ, USA)
and the Medtronic Thoracic Endovascular Registry (MOTHER) (Medtronic, Santa
Rosa, CA, USA), have been instrumental in evaluating TEVAR practice.?
Multicentre disease specific registries such as the International Registry of Acute

Aortic Dissection (IRAD) also provide valuable data for DTA management.?* National
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and regional quality registries increasingly include DTA, and collaborative efforts
such as VASCUNET and the International Consortium of Vascular Registries have
established TEVAR outcome benchmarks and proposed a core dataset to harmonise
quality measures (Table 4).2° These registries support outcome monitoring and
quality improvement, benefiting both patients and clinicians. However, a
standardised core outcome set and validated patient reported outcome measures for

DTA repair are lacking and represent key priorities for future research.?®

Table 4. Proposed core dataset for standardised thoracic endovascular aortic repair (TEVAR)

data collection (adapted from Hellgren et al.?® and de Borst et al.?)

Parameter Data and units

Demographics and risk factors

Country Country name

Age 0-120 years

Sex Number (%) male/female

Mode of admission Elective/emergency

Diabetes mellitus Yes/no

Cardiac disease Yes/no

Lung disease Yes/no

Stroke or TIA Yes/no

Creatinine level (eGFR) pmol/L (mL/min)

ASA grade 1-5

Indication for TEVAR Dissection, aneurysm, trauma, or other

Dissection

Time from onset of symptoms Acute (1-14 days)/subacute (15-90 days)/chronic (>90
days)

Date of onset of symptoms YYYY-MM-DD
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Time from dissection to treatment

Anatomic classification”

Indication for TEVAR

Maximum aortic diameter
Aneurysm

Aortic pathology

Intact or rupture

Maximum aortic diameter
Trauma

Time from trauma to treatment

Trauma severity grading?
Operative data

Operation date

Stent grafts used

Proximal landing zone*
Distal landing zone*
Non-revascularised covered

branches

Revascularised covered branches

Prophylactic CSF drain
Post-operative (30 day) data

TIA/stroke

Paraplegia

Renal failure (requiring RRT)

Respiratory failure (requiring

assisted ventilation)

Number of days

Type A(D)ltype B(P, D)/type I(D)

Visceral ischaemia/renal
ischaemia/rupture/dilatation/refractory pain/extremity
ischaemia/other

mm

Degenerative/mycotic/aortic ulcer/other

Intact/rupture

mm

Number of days

Grade 1-3

YYYY-MM-DD

Manufacturer + device name + product number + unique

device identifier number (for each stent graft)
0-5
0-10

BA/LCC/LSA/CA/SMA/LRA/RRA

BA/LCC/LSA/CAISMA/LRA/RRA

Yes/no

None/non-disabling/disabling
None/transient/permanent
Yes/no

Yes/no
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Post-operative coronary event Yes/no
(myocardial infarction, dysrhythmia,

cardiac failure)

Haemorrhage (requiring return to Yes/no
operating room)

Infection Yes/no
Ischaemic bowel (requiring Yes/no
laparotomy)

Other complication(s) Free text
Return to operating room Yes/no
Death at 30 days Alive/dead
In hospital death Alive/dead
Death at 90 days Alive/dead
Time from treatment to discharge Number of days

TIA = transient ischaemic attack; eGFR = estimated glomerular filtration rate; ASA = American
Society of Anesthesiologists; TEVAR = thoracic endovascular aortic repair; BA = brachiocephalic
artery; LCC = left common carotid artery; LSA = left subclavian artery; CA = coeliac artery; SMA =
superior mesenteric artery; LRA = left renal artery; RRA = right renal artery; CSF = cerebrospinal fluid,;
RRT = renal replacement therapy.

" Anatomic classification system proposed by Lombardi et al.?®

T European Society for Vascular Surgery (ESVS) vascular trauma score.?

* Landing zones according to Fillinger et al.?®

Recommendation 5 New

Aortic centres performing descending thoracic aortic repair are recommended to enrol
cases in validated prospective quality registries to enable systematic monitoring of practice

and clinical outcomes.

Class Level Reference
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3. GENERAL CONSIDERATIONS

3.1. Imaging

3.1.1. Computed tomography angiography. Computed tomography angiography
(CTA) is the first line imaging modality for diagnosis, surveillance, pre-operative
planning, and post-operative follow up of aortic pathologies. It offers rapid and
detailed visualisation of the entire aorta and surrounding structures and is widely
accessible 3034

An aortic CTA examination should extend from the supra-aortic vessels to the
common femoral arteries®® using thin slice (typically <1 mm) acquisition for
multiplanar and 3D image reconstruction.®® In cases with supra-aortic vessel
involvement, imaging should include the circle of Willis to assess stroke risk and to
guide potential pre- or intra-operative revascularisation strategies.3’

CTA provides a detailed dataset of the TAbdAo and access vessels, which can be
reconstructed into 3D models using dedicated post-processing software. These
models can be registered and overlaid with real time fluoroscopy to enable image
fusion, offering 3D guidance during complex endovascular procedures. Image fusion
has been shown to significantly reduce contrast volume, fluoroscopy time, and total
procedure time in complex endovascular aortic repair (EVAR).3® A meta-analysis
reported that image fusion reduced contrast use by 79 mL, fluoroscopy time by

14 minutes, and overall procedure time by 52 minutes in complex EVAR cases.3°
Image fusion is recommended in the ESVS 2023 clinical practice guidelines on
radiation safety to reduce radiation exposure during aortic endovascular

procedures.*°
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3.1.2. Magnetic resonance imaging. Magnetic resonance imaging (MRI) allows for
high quality, multiplanar evaluation of the entire aorta, with similar diagnostic
capabilities as CTA but without ionising radiation or, in some cases, contrast agents.
Given the cumulative radiation exposure and risks associated with iodinated
contrast, MRI should be considered an alternative imaging modality for long term
surveillance, particularly in younger patients.*!

Gadolinium based contrast agents carry a very low risk (< 0.1%) of nephrogenic
systemic fibrosis, even in patients with renal impairment.*> When contrast is
contraindicated, non-contrast magnetic resonance angiography (MRA) techniques
are preferred, especially in pregnant or renally impaired patients.3¢

The presence of metal implants may render MRI unsafe or significantly reduce
image quality due to artefact formation. Additional limitations include longer
acquisition times, contraindications in claustrophobic patients, and limited availability,
particularly in emergency settings.2®

Four dimensional flow MRI (4D flow MRI) is a non-invasive technique for assessing
aortic haemodynamics. It enables detailed analysis of jet angles, wall shear stress,
and volumetric blood flow throughout the vessel, including post-TEVAR.* However,

its clinical role remains to be defined.

3.1.3. Ultrasound. Transthoracic echocardiography (TTE) allows evaluation of the
aortic root and proximal ascending aorta but is not useful for assessing DTA
pathology.*

Transoesophageal echocardiography (TOE) provides better visualisation of the
thoracic aorta and can be useful intra-operatively, particularly during open or

endovascular repair of ADs.4447
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Intravascular ultrasound offers 360° visualisation of the aorta and its branches and
may assist during TEVAR to confirm true lumen (TL) wire passage, assess false
lumen (FL) depressurisation, evaluate TL expansion, and guide real time aortic

sizing.4849

3.1.4. Positron emission tomography. Fluorine-18 fluorodeoxyglucose positron
emission tomography combined with computed tomography (*8F-FDG-PET/CT)
detects increased metabolic activity by measuring uptake of 8F-FDG, a glucose
analogue. It is a valuable tool for identifying increased metabolic activity associated
with vascular graft infection and aortic infection and inflammation.5%:51

For detailed guidance on aortic graft and endogratft infections, refer to the ESVS
2024 clinical practice guidelines on the management of abdominal aorto-iliac artery
aneurysms® as well as the ESVS 2020 clinical practice guidelines on the
management of vascular graft and endograft infections,® with an updated version

expected in 2026.

Recommendation 6 Changed

Thin slice multiphase computed tomography angiography is recommended as the first line
imaging modality for diagnosis, surveillance, pre-operative planning, and post-operative

follow up of descending thoracic aortic pathologies.

Class Level Reference

| C Consensus
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Recommendation 7 Changed

It is recommended that aortic imaging encompasses the entire aorta, from the supra-aortic

vessels” to the common femoral arteries.

Class Level Reference

| C Consensus

* In case of supra-aortic vessel involvement in the repair, the circle of Willis is to be included in

imaging.

Recommendation 8 New

To reduce radiation exposure, magnetic resonance imaging should be considered as an
alternative imaging modality for diagnosis, surveillance, and post-operative follow up of

descending thoracic aortic pathologies, especially in younger patients.

Class Level Reference
lla C Consensus
Recommendation 9 New

Flourine-18 fluorodeoxyglucose positron emission tomography integrated with computed
tomography (**F-FDG-PET/CT) should be considered an adjunctive imaging modality in the

diagnostic evaluation of infected and non-infected aortitis of the descending thoracic aorta.

Class Level Reference

lla C Consensus
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Recommendation 10 New

Intra-operative image fusion should be considered during endovascular thoracic and
thoraco-abdominal aortic repair to reduce radiation exposure, contrast volume, and

operating time.

Class Level Reference
lla C Consensus
Recommendation 11 New

Transoesophageal echocardiography may be considered for use as an adjunctive intra-

operative imaging modality during open and endovascular thoracic aortic repair.

Class Level Reference
Ilb C Consensus
Recommendation 12 New

Intravascular ultrasound may be considered for use as an adjunctive intra-operative

imaging modality for guidance during thoracic endovascular aortic repair.

Class Level Reference

1lb C Consensus

3.2. Risk assessment and optimisation

Aortic surgery is considered a high risk procedure, with major adverse

cardiovascular events occurring in over 5% of cases.>>52 Cardiovascular morbidity

50



and mortality following DTA repair are influenced both by patient and procedure
related factors, including centre experience (see Chapter 2), anaesthetic strategy,
surgical approach (endovascular vs. open), and intervention timing (Table 5).21:5254
In a US Aortic Research Consortium study of 2 099 patients undergoing elective
fenestrated and branched endovascular aortic repair (FBEVAR) (709 complex AAA,
777 TAAA I—111, 580 TAAA IV —-V), independent predictors of one year death
included age > 75 years, current smoking, chronic obstructive pulmonary disease
(COPD), heart failure, creatinine > 1.7 mg/dL, haematocrit < 36%, TAAA extent | —1lI,
and maximum aortic diameter >7 cm.%®

Patients with DTA pathology frequently have significant comorbidities. A thorough
evaluation, including medical and family history, cardiovascular risk factors
(hypertension, dyslipidaemia, diabetes, obesity, smoking), symptom assessment,
and physical examination, is essential.>? Baseline laboratory testing should include
full blood count, electrolytes, renal and liver function. Pre-operative assessment of
cardiac, pulmonary, and renal function is recommended to guide patient selection

and reduce peri-operative risk.

Table 5. Definitions of timing of surgery.>2°3

Timing Definition

Immediate  Immediate threat to life, limb, or organ without surgical intervention (<2 hours)

Urgent Repair should be performed without unnecessary delay to save life, limb, or organ
function, but there may be time for pre-operative clinical evaluation to allow
interventions that could reduce MACES or other post-operative complications (>2 to

<24 hours)
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Time Repair should be performed as soon as possible as there is a time dependent risk of
sensitive losing life, limb, or organ function. Time sensitivity varies depending on the
underlying disease but allows pre-operative evaluation and management without
negatively impacting outcomes (<3 months)
Elective Repair can be performed electively without significant risk of losing life, limb, or organ
function, and permits a complete pre-operative evaluation and appropriate

management.

MACE = major adverse cardiovascular event.

3.2.1. Timing of repair. Early death is significantly more common in urgent or
emergency TAAA repair than for elective procedures. In a single centre,
retrospective analysis of 3 309 patients undergoing open surgical repair (OSR) for
Crawford extent | — 1V TAAA, the operative mortality rate was 6.2% following elective
repair vs. 21.8% for ruptured cases.>® Similarly, in a series of 209 patients with
extent | —1ll TAAA treated with FBEVAR using the Zenith platform (Cook Medical,
Bloomingdale, IN, USA), the 30 day mortality rate was 4.6% after elective repair vs.
28.5% following urgent repair. A multicentre study of 100 patients with ruptured
TAAA treated endovascularly also reported a 24% early mortality rate.>” These data
underscore the importance of timely elective intervention to avoid the high mortality

rate associated with emergency repair (see Chapter 7).

3.2.2. Extent of aortic aneurysmal disease. The extent of TAAA strongly
influences outcomes. In a large retrospective analysis, early death after OSR varied
by Crawford extent: 5.9% for type I, 9.5% for type Il, 8.8% for type Ill, and 5.4% for
type V.58 Similarly, a pooled analysis from eight prospective, non-randomised,

physician sponsored investigational device exemption studies conducted between
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2005 and 2020 demonstrated that patients with an extensive TAAA had a higher risk
of late aortic related death (defined as any early or late death due to rupture,
dissection, malperfusion, complications, re-interventions, or other aortic related

causes) compared with those with extent IV disease.>®

3.2.3. Underlying aortic pathology. Patients undergoing OSR for post-dissection
aneurysms, whether acute or chronic, tend to have more favourable outcomes than
those with degenerative aneurysms, probably reflecting younger age, fewer
comorbidities, and a higher prevalence of heritable aortic disease.>® In contrast,
patients with degenerative aneurysms are generally older and more burdened by risk
factors such as hypertension, dyslipidaemia, diabetes, renal impairment, coronary
artery disease (CAD), and pulmonary dysfunction, contributing to higher peri-
operative morbidity and mortality rates.>>®° Analysis of the Vascular Quality Initiative
(VQI) database (2014 — 2021) found that patients treated with complex endovascular
repair for post-dissection aneurysms (n =123) were on average a decade younger,
more often Afro-American, more frequently symptomatic, and had higher rates of
hypertension, anaemia, and chronic kidney disease than those treated for
degenerative aneurysms (n =3 635). Despite the greater extent of disease and more
frequent previous aortic interventions, the 30 day mortality rate was similar (7.3%)

between groups, probably due to the differing baseline risk profiles.5*

3.2.4. Shaggy aorta. The shaggy aorta is characterised by “extensive atheromatous
disease with diffuse ulcers associated with soft, loosely held debris, and a paucity of
actual thrombus within the aorta” (Fig. 1).%% Shaggy aorta is a recognised

independent risk factor for diffuse embolisation as well as increased post-operative
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morbidity and mortality following TAAA repair, regardless of the treatment
approach.®3-65 In a multicentre, retrospective, observational cohort study including
255 patients undergoing TEVAR, shaggy aorta was strongly associated with
ischaemic organ complications (odds ratio [OR] 12.1) and by extension increased 30
day death (OR 3.6).%% In a single centre study of 497 patients undergoing OSR for
TAAA, shaggy aorta was associated with a higher risk of post-operative embolic
complications (28.1% vs. 8.8%), renal failure (21.1% vs. 5.3%), and in hospital death
(14% vs. 3.5%).54

Several scoring systems based on pre-operative CTA have been proposed to
guantify shaggy aorta. One method evaluates axial slices every 5 mm (excluding the
aneurysmal segment), assigning one point per slice with (1) ulcer like thrombus, (2)
thrombus =5 mm thick, and (3) involvement of > 2/3 of the aortic circumference. The
total “shaggy score” correlates with embolic risk.6” Another system scores five
thrombus characteristics: (1) location, (2) type, (3) thickness, (4) surface area, and
(5) circumferential extent. Each parameter is scored from 0 to 2, yielding a total
score maximum score of 10. In 212 patients undergoing FBEVAR, adverse events
occurred in 53% of those with moderate or severe thrombus vs. 35% with mild
disease.®®

In patients with shaggy aorta, repair should be approached with caution, and
intensified medical therapy is advised to stabilise the thrombus pre-operatively.
There is, however, little evidence regarding the medical management of shaggy
aorta. A small retrospective analysis of 27 patients found a significant reduction of
shaggy aorta after a mean 771 days of statin administration.®® In a retrospective
study of 519 patients with shaggy aorta, statins reduced the stroke rate by up to

70%, being superior to antiplatelet drugs, which did not show a protective effect on
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the incidence of stroke and other embolic events.®® More evidence on surgical

decision making and medical management of patients with shaggy aorta is needed.

3.2.5. Comorbidities. Chronic kidney disease is a major predictor of adverse
outcomes after both open and endovascular TAAA repair. In patients with chronic
kidney disease undergoing OSR for type Il TAAA, higher rates of adverse events
(27% vs. 18.6%), dialysis (14.1% vs. 8.7%), cardiac complications (42.8% vs.
33.4%), and life altering events (18.1% vs. 9.6%) were reported compared with
matched controls.”® Similarly, TEVAR registry data (n =2 995) showed a stepwise
increase in post-operative acute kidney injury with worsening renal function:
estimated glomerular filtration rate (eGFR) >90 mL/min, 3%; 60 — 90 mL/min, 10%;
15— 30 mL/min, 23%; < 15 mL/min, 25%."* Medicare data also linked chronic kidney
disease stage Il -V and end stage renal disease with higher 30 day mortality and
serious complication rates.”? Pre-operative hydration and preserving renal perfusion
are essential preventive strategies.

COPD and smoking increase the risk of complications after elective TAAA OSR. Two
large retrospective studies reported higher rates of respiratory complications (38.4%
vs. 30%), operative mortality (7.9% vs. 3.8%), and adverse events (14.9% vs. 9.8%)
in patients with COPD.”374 Data for endovascular repair are limited. Pulmonary
function testing is essential to assess respiratory reserve; a forced expiratory volume
in 1 second (FEV1) <50% is associated with a nearly sevenfold increased risk of
major adverse events after OSR. Global Initiative for Chronic Obstructive Lung
Disease (GOLD) staging may guide pre-operative risk assessment.”* Pulmonary
optimisation, including smoking cessation, treatment of bronchitis, weight loss, and

prehabilitation, should begin one to three months before surgery, particularly in
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patients with severe obstruction. Data on the significance of COPD for endovascular
repair are limited.

CAD is common in patients with TAAA, with the prevalence increasing by Crawford
extent, from 28% in Crawford extent | to 49.5% in extent IV,% and is more frequent in
complex endovascular repair than OSR (43.7% vs. 31.3%).>* Comprehensive pre-
operative cardiac evaluation is essential and should include electrocardiogram
(ECG), echocardiography (to detect reduced ejection fraction, valvular regurgitation,
and pulmonary hypertension, conditions poorly tolerated during aortic cross
clamping), and cardiac biomarkers (e.g., high sensitivity cardiac troponin, brain
natriuretic peptide, or N terminal pro-brain natriuretic peptide [NT-proBNP] to
quantify myocardial injury and haemodynamic stress).”® In selected patients, pre-
operative revascularisation of symptomatic or significant asymptomatic CAD may
reduce the risk of peri-operative myocardial infarction (MI) and improve outcomes,
particularly for extensive surgery.’” A single centre study showed coronary
angiography and percutaneous coronary intervention with bare metal stents can be
performed safely before TAAA repair without increasing the risk of bleeding,
aneurysm rupture, stent thrombosis, MI, or death.”®

Patients with unstable dysrhythmias, decompensated heart failure, severe valvular
disease, pulmonary hypertension, or implantable cardiac devices should be
evaluated by a multidisciplinary team to determine the need for further cardiac
workup.32°3.79

Routine carotid screening before non-cardiac surgery is not recommended per
current ESVS carotid guidelines.8® However, screening is recommended in patients
with a recent stroke or transient ischaemic attack (with six months). Carotid

intervention is recommended before non-cardiac surgery in patients with
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symptomatic 50 — 99% carotid stenosis, while prophylactic carotid intervention is not
recommended in patients with asymptomatic carotid stenosis. These
recommendations are based on cardiac surgery data, with limited evidence specific
to DTA and TAbdAo repair.g In cases involving supra-aortic arterial reconstruction,
cerebral circulation should be thoroughly assessed and any coexisting carotid

disease managed individually.

3.2.6. Age. Many patients with degenerative atherosclerotic TAAA are of advanced
age. In a single centre study, the operative mortality rate after OSR was markedly
higher in octogenarians (19.2%) compared with patients aged <50 years (3.2%).5¢
VQI data showed that patients aged =80 years undergoing FBEVAR were less often
treated for extent Il and more often for extent IV disease but experienced higher
complication rates, more frequent discharge to rehabilitation or nursing care, and
increased aortic specific death.8! Chronological age alone, however, should not
preclude intervention. Treatment decisions should be individualised based on
aneurysm extent, patient comorbidities, and functional status, recognising that

biological age and physiological reserve vary widely.

3.2.7. Functional capacity and frailty. Functional capacity, often measured in
metabolic equivalents (METS), reflects a patient’s ability to tolerate physiological
stress. A threshold of <4 METSs suggests poor capacity and is commonly assessed
by stair climbing ability or the Duke Activity Status Index (DASI;
https://www.mdcalc.com/calc/3910/duke-activity-status-index-dasi#evidence).
However, subjective METs have limited predictive value. In a multicentre study of

1401 patients undergoing major non-cardiac surgery, only objective measures
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(DASI, NT-proBNP, and peak oxygen consumption [VOz]) predicted 30 day death
and myocardial injury.??82 Objective tools such as DASI and NT-proBNP may
therefore be preferred for pre-operative risk stratification.

Frailty is a multidimensional decline in physiological reserve, which increases
vulnerability to surgical stress.>>83 Indicators include age > 70 years, low body mass
index (BMI), anaemia, and poor nutritional status (e.g., aloumin <3.5g/dL, >5-10%
recent weight loss, BMI < 22 kg/m?).84 In 1 089 patients undergoing FBEVAR, severe
hypoalbuminaemia predicted higher 30 day (OR 5.0) and two year mortality rates.®
Impaired functional status, including daily and instrumental activities (e.g., bathing,
shopping, medication management), strongly predicts poor outcomes.®° Sarcopenia,
assessed by lean psoas muscle area on pre-operative CTA, is a validated frailty
marker in endovascular repair,8-87 although its role in OSR remains uncertain.® The
modified Frailty Index (mFI-11) effectively stratifies risk: in 592 FBEVAR patients, the
90 day mortality rate was 13% in high risk vs. 3% in low risk groups.® Prehabilitation
may improve functional capacity, but evidence on the effect in DTA and TAbdAo
repair is limited.??

Risk scoring based on patient and procedural factors aids patient selection and
counselling.®®°* However, SDM should also reflect patient values, including
discharge goals and quality of life (QoL). This requires objective information,
adequate time for discussion, and comprehensive pre-operative assessment.®°2 No
universal definition of surgical unfitness exists. In elective DTA cases, deferring
repair due to limited life expectancy or frailty should be a multidisciplinary decision. A

life expectancy of less than two to three years is a reasonable threshold.®

58



3.2.8. Lifestyle and medical management. Patients with DTA disease should adopt
a healthy lifestyle, including a Mediterranean diet, regular exercise, and smoking
cessation.”®7493 Exercise based cardiac rehabilitation is under evaluation.®® Medical
therapy should target cardiovascular risk factors, especially hypertension, statins,
and antiplatelets in degenerative aneurysms due to coexisting atherosclerosis.5394:9
Statins may stabilise shaggy aorta lesions, although effects may require at least
three months.®® Targeted therapies apply in genetic aortopathy (see Chapter 10.1).
Medical management is appropriate for asymptomatic patients below repair

thresholds, unfit for intervention, or those opting for conservative care.”?

Recommendation 13 Unchanged

Pre-operative assessment of cardiac, pulmonary, and renal function is recommended before
elective open or complex endovascular repair involving the descending thoracic aorta to

allow for informed decision making and pre-operative optimisation.

Class Level References ToE

I C Coselli et al. (2016),%° Coselli et al. (2018),7°
Brown et al. (2020),? Girardi et al. (2017),”®
Orozco-Sevilla et al. (2024),7* Girardi et al.

(2014)78

Recommendation 14 Changed

Pre-operative revascularisation of symptomatic or significant asymptomatic coronary artery
disease may be considered in selected cases, particularly before extensive thoracic and

thoraco-abdominal aortic repair.
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Class Level Reference

Ilb C Consensus

Recommendation 15 New

Multidisciplinary assessment of patient frailty should be considered for candidates for

elective descending thoracic aortic repair.

Class Level References ToE

lla C Flanagan et al. (2021),%° Paajanen et al.

(2022),8 Karkkainen et al. (2021)%

Recommendation 16 New

Assessment and optimisation of cardiovascular risk factors, best medical therapy, and a
healthy lifestyle including smoking cessation are recommended for patients with

descending thoracic aortic disease.

Class Level Reference

| C Consensus

Recommendation 17 New

Extensive thrombosis “shaggy aorta” may be considered for intensified medical therapy

with statins to stabilise the thrombotic lesions before aortic repair.

Class Level Reference

Ilb C Consensus
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Recommendation 18 New

Patients with thoracic aortic disease are recommended to be fully informed about all
treatment options (medical management, endovascular repair, or open surgery), as well as
their short and long term risks, including their potential impact on function, independence,

and quality of life, to support shared decision making.

Class Level Reference

| C Consensus

Recommendation 19 New

Endovascular or open surgical repair, whether elective or for ruptured thoracic or thoraco-
abdominal aortic aneurysm, is not recommended in patients deemed unfit for repair or
unlikely to benefit due to severe comorbidities, frailty, limited life expectancy”, or those who

decline intervention after shared decision making.

Class Level Reference

C Consensus

* A life expectancy of two to three years may be regarded a reasonable threshold.

3.3. Preghancy and descending thoracic aorta disease

Pre-conception counselling by a multidisciplinary cardiovascular—obstetric team is
recommended for women with DTA pathologies to assess risk and discontinue
teratogenic drugs (e.g., angiotensin converting enzyme [ACE] inhibitors or

angiotensin receptor blockers [ARBs]). ECG gated CTA or MRA of the entire aorta
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should be performed before pregnancy. The risk of AD and aneurysm growth or
rupture during pregnancy depends on aetiology and aortic size.?®° Elective repair
may be advised before pregnancy in women with genetic aortopathy, given the high
risk of pregnancy related complications (see Chapter 10.1). In an international
prospective global registry including 170 women with known genetic aortopathy
under specialised surveillance, the pregnancy related AD rate was 3.5%.1%° AD is
associated with high maternal and foetal mortality rates (8.6% and 50%,
respectively).10

Continuous monitoring by a multidisciplinary cardio-obstetric team (including
vascular and cardiac surgery, anaesthesia, intensive care, and maternal—fetal
medicine) is essential during pregnancy. Beta blockers are recommended for aortic
dilation, and hypertension should be treated promptly. TTE is advised each trimester;
if inadequate, non-contrast MRA may be used. AD typically occurs in the third
trimester or postpartum. In the IRAD registry, half of pregnancy related AD cases
had a known aortopathy, mainly Marfan syndrome (MFS).1%?> Management of AD
during pregnancy should follow standard protocols. Delivery planning should
consider aortic size and haemodynamic risks, with earlier delivery indicated in cases
with rapid aortic growth, valve disease, or hypertensive complications. Caesarean
section is recommended for aortic dilation >4.5-5.0 cm or for untreated dissection;
vaginal delivery may be considered for aorta <4.0—-4.5 cm, based on underlying
genetic pathology and SDM.%.101.103 There appears to be no association between
breastfeeding and postpartum complications.

Postpartum imaging surveillance with TTE, CTA, or MRA is important, as the risk of
dissection remains elevated for weeks after delivery. Surveillance frequency should

be guided by aortic size, growth rate, and underlying aetiology.%
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Recommendation 20 New

Pregnant women with descending thoracic aortic aneurysm or dissection are recommended
to be referred to experienced aortic centres” for individualised multidisciplinary

management by a cardiovascular—obstetric team.

Class Level Reference

| C Consensus

" See Chapter 2.1 for definition of aortic centres.

3.4. Left subclavian artery revascularisation

Intentional left subclavian artery (LSA) coverage is often necessary during TEVAR to
ensure an adequate proximal seal.’®* However, this may compromise perfusion to
the brain, spinal cord, left arm, or myocardium (in patients with left internal mammary
artery [LIMA] grafts), increasing the risk of stroke, spinal cord ischaemia (SCI), limb
ischaemia, and MI. Pre-emptive LSA revascularisation can mitigate these risks but
carries procedural risks such as stroke, nerve injury, and infection.®® No RCTs have
compared routine vs. selective vs. no LSA revascularisation during TEVAR. Meta-
analyses of observational studies suggest that revascularisation reduces rates of
stroke (OR 0.67) and SCI (OR 0.75) but not paraplegia or death.1%6-110 This supports
that patients undergoing elective TEVAR with intentional LSA coverage should be
considered for LSA revascularisation. While LSA revascularisation may also be
considered in the acute setting, the decision making is typically more complex and
less straightforward. Current consensus supports revascularisation in high risk

scenarios, such as dominant left vertebral artery, compromised right vertebral artery,
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incomplete circle of Willis, underdeveloped left vertebral artery ending in the
posterior inferior cerebellar artery or isolated vertebral artery, LIMA graft, upper limb
dialysis access, extensive aortic coverage, or aberrant right subclavian artery where
both subclavian origins would be covered.

Revascularisation techniques include open surgery (carotid—subclavian or carotid—
axillary bypass, subclavian transposition) or endovascular methods (branched and
fenestrated endografts, chimney and periscope grafts, and in situ fenestration).
Surgical methods offer durable patency but carry risks of local complications.*1-115
Endovascular options are less invasive but may increase endoleak risk, especially
with parallel grafts (PGs).116:117

No head to head trials have compared surgical and endovascular LSA
revascularisation during TEVAR. A meta-analysis of 14 retrospective studies (1 695
patients) found no significant difference in rates of stroke, SCI or upper limb
ischaemia, or death between open surgical (n =1 204) and endovascular (n =491)
techniques, although PGs were associated with higher rates of type | endoleak.'!
Another meta-analysis of 28 studies (2 759 patients) reported similar patency across
approaches, but higher rates of re-stenosis with endovascular repair. Subgroup
analysis showed increased stroke, 30 day mortality, and endoleak with PGs
compared with branched or fenestrated devices.'®

In conclusion, the choice between routine and selective revascularisation, and
between surgical and endovascular techniques, should be individualised based on
patient anatomy, urgency, and overall risk profile. For elective endovascular LSA
revascularisation, custom made or off the shelf fenestrated or branched devices are
generally preferred if the anatomy is suitable, with alternatives including in situ laser

or needle assisted fenestrations or physician modified endografts (PMEGS). In
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urgent settings, endovascular options include off the shelf fenestrated and branched
devices, suitable custom made devices (CMDs) from other patients, in situ

fenestrations, PMEGS, or PGs.

Recommendation 21 Unchanged

Left subclavian artery revascularisation should be considered in patients undergoing
elective thoracic endovascular aortic repair with intentional left subclavian artery coverage,

taking into account the risk of end organ ischaemia” and urgency of the procedure.

Class Level Reference

lla B Consensus

" Dominant left vertebral artery, compromised right vertebral artery, incomplete circle of Willis, left
vertebral artery ending in the posterior inferior cerebellar artery, left arm dialysis access, patent
pedicled left internal mammary artery bypass graft, and extensive aortic stent graft coverage or
previous open or endovascular aorto-iliac surgery compromising the collateral supply to the spinal

cord.

Recommendation 22 New

The choice between open and endovascular left subclavian artery revascularisation during
thoracic endovascular aortic repair should be considered on a case by case basis, taking

into account urgency, patient physiology, anatomy, underlying pathology, and patient

preferences.
Class Level Reference
lla C Consensus
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3.5. Spinal cord ischaemia

Spinal cord perfusion relies on a complex collateral network involving segmental,
subclavian, iliac, and paravertebral vessels, which connect via the internal thoracic,
epigastric, intercostal, and lumbar arteries (Fig. 2).1'® During aortic repair, this
network may be disrupted by cross clamping, ligation, or stent graft coverage,
increasing the risk of SCI.11° Resulting hypoperfusion can trigger inflammation and
neuronal death within 48 hours.'?°

SCl is a major complication after open and endovascular TAAA repairt?1-123 with an
incidence ranging from 2 — 20%, although rates have declined.1?#1%> A systematic
review reported SCI in 13.5% after endovascular repair and 7.4% after OSR. Risk
factors include extensive aortic coverage, aortic cross clamping, prolonged surgery,
blood loss, and hypotension.t23:126.127

Intra- and post-operative measures, applied when appropriate, such as maintaining
perfusion pressure and haemoglobin levels, preservation of collaterals, staged
repair, cerebrospinal fluid drainage (CSFD), and minimising coverage, are supported
by growing evidence; these strategies are being incorporated into structured SCI
prevention protocols.1?>127-129 |n a recent study of 562 patients undergoing FBEVAR,
implementation of a dedicated SCI prevention protocol significantly reduced SCI
rates, particularly among high risk patients,*?312” where the incidence decreased

from 23.2% to 5.0% (p <.001).1%8

3.5.1. Permissive hypertension and optimised haematocrit levels. Peri-operative

blood loss and sustained hypotension are consistently associated with increased SCI

risk 123,126,127,131,132
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Maintaining adequate systemic blood pressure is critical, with suggested targets of
systolic blood pressure (SBP) =120 mmHg and mean arterial pressure =90 mmHg
peri-operatively, followed by permissive hypertension up to an SBP 150 mmHg for
one month post-operatively.'?8 Adjustment of antihypertensive therapy should be
considered to minimise the risk of peri- and post-operative hypotension, specifically
by withholding ACE inhibitors or ARBs for at least 48 hours before surgery and
throughout the peri- and early post-operative period.?®

Early blood transfusion to maintain a haemoglobin =10 g/dL during the first 48 hours

may further reduce SCI risk after endovascular repair.t?8

3.5.2. Preservation of collaterals. To preserve spinal cord perfusion during open
TAAA repair, selective re-implantation of intercostal arteries is frequently performed,
guided by surgical judgement or intra-operative neuromonitoring (e.g., motor or
somatosensory evoked potentials).

In endovascular repair, maintaining collateral flow via the LSA (see
Recommendation #21 and #22 in Chapter 3.4) and pelvic vessels is crucial.1?°
Revascularisation of major intercostal arteries (=4 mm) with stenting has been
proposed for extensive TEVAR, although limited experience currently restricts its
routine use. Early reperfusion of the pelvis and lower limbs can be achieved by
withdrawing large sheaths from the iliac arteries immediately after deployment of the
central device and before cannulation and extension to the visceral branches.33 In
selected cases with inadequate iliofemoral access, temporary conduits may facilitate
reperfusion by allowing retraction of the aortic sheath into the conduit.1?

Staged intercostal artery occlusion may enhance collateralisation via the paraspinal

network, according to the “spinal cord network concept”.*!® The MIS?ACE technique
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(minimally invasive staged segmental artery coil embolisation) has been proposed to

reduce SCI risk but remains investigational pending trial results.34

3.5.3. Staged repair. A staged approach (deliberately delaying full aortic exclusion
to allow temporary sac perfusion) has become a key strategy to reduce SCI during
endovascular TAAA repair.'3® By promoting collateral network development between
stages, this technique decreases SCI risk, as supported by experimental
models.137:138 The staged approach also reduces overall surgical trauma and thereby
the risk of peri-operative hypotension, a major contributor to SCI. Additionally, final
stage procedures can often be performed under local anaesthesia, further
minimising haemodynamic stress.*39

In a large multicentre study of 1 947 patients treated with FBEVAR for extent | —1lI
TAAA, a multistage strategy was associated with lower 30 day or in hospital mortality
or permanent paraplegia (OR 0.47) and improved one and three year survival.14°
Permanent paraplegia occurred in 4.3% of multistage vs. 10% of single stage repairs
(p <.001). However, staging delays full exclusion and may increase rupture risk. The

optimal interval remains undefined and must be balanced against urgency.

3.5.4. Cerebrospinal fluid drainage. Cerebrospinal fluid pressure rises during aortic
clamping, and lowering it improves spinal cord perfusion. In an RCT of 145 patients
undergoing extent | — Il TAAA open repair, prophylactic CSFD reduced permanent
SCI from 13% to 3%, an 80% relative risk reduction.*?* This led to widespread
adoption of prophylactic CSFD in open TAAA repair, supported by subsequent meta-

analyses.141142
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Prophylactic CSFD has also been widely adopted in endovascular TAAA repair,
despite limited supporting evidence.'*® Furthermore, the incidence of drain related
complication ranges from 7 — 26%.144145> Consequently, many aortic centres have
now discontinued the routine use of prophylactic CSFD during endovascular TAAA
repair, citing the high rates of drain related complications and equipoise among
patients treated without prophylactic drainage.'#® In a recent study of 541 patients
undergoing extent | — Il FBEVAR without prophylactic CSFD, the overall SCI rate
was 8%, with rescue CSFD and permissive hypertension improving symptoms in
73%; permanent paraplegia occurred in only 2%.%3! Current evidence supports
selective, reactive use of CSFD over routine prophylaxis during extensive TEVAR to
reduce SCI risk while avoiding drain related complications. However, higher quality
evidence is needed, and a recent pilot study demonstrated the feasibility of
conducting an RCT to evaluate prophylactic vs. therapeutic CSFD for SCI prevention

in endovascular TAAA repair.1#’

3.5.5. Neuromonitoring. Neuromonitoring with motor evoked potentials (MEPs) and
somatosensory evoked potentials (SSEPS) provides real time assessment of spinal
cord integrity during TAAA repair. MEPs monitor descending motor pathways and
are more sensitive to early ischaemia, while SSEPs assess ascending sensory
pathways and help differentiate SCI from limb ischaemia. Anaesthetic techniques
should be tailored to preserve signal quality.**® Loss of MEPs often signals reversible
ischaemia; SSEP loss suggests more advanced, potentially irreversible injury. Signal
changes warrant immediate interventions to restore spinal perfusion, including

intercostal artery reattachment (T8 — T12), pelvic reperfusion, CSFD (< 10 mmHg),
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blood pressure elevation, haematocrit optimisation, and ensuring a distal perfusion
pressure >80 mmHg.4°

While standard in open TAAA repair, neuromonitoring is less established in
endovascular repair. Staged TEVAR under local anaesthesia allows clinical
assessment, but in extensive single stage procedures under general anaesthesia,
neuromonitoring may be useful. In a prospective study of 170 FBEVAR patients,
MEP and SSEP changes occurred in 55%, prompting interventions and signal
recovery in 90%; SCI occurred in 10% of patients with signal loss vs. 1% with normal
signals.1?5150 A systematic review of 11 studies (1 069 patients) reported
neuromonitoring sensitivity and specificity of 93% and 96%, respectively, for SCI
detection during TEVAR and or FBEVAR.'®

Early clinical neurological evaluation, either continuous in awake patients or via
immediate wake up tests, is recommended after TAAA repair for prompt SCI
detection.

Near infrared spectroscopy may offer a non-invasive alternative for spinal perfusion
monitoring but remains investigational owing to limited validation.5%:152 Biomarker
based detection of spinal ischaemia is also under investigation, but no clinically

validated markers are available.1%3154

Recommendation 23 Changed

Protocolised strategies” for the prevention, early detection, and management of spinal cord
ischaemia are recommended for patients undergoing descending thoracic and thoraco-

abdominal aortic repair.

Class Level References ToE
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I C Tenorio et al. (2022),'?5 Dijkstra et al. (2018),?”

Aucoin et al. (2021),*?° Sickels et al. (2025)%°

" Staging the procedure, maintaining a high blood pressure and haemoglobin = 10 g/dL, preservation

or restoration of collaterals, cerebrospinal fluid drainage, and neuromonitoring, as appropriate.

Recommendation 24 New

Staged repair should be considered for patients undergoing extensive thoracic and thoraco-

abdominal endovascular aortic repair.

Class Level References ToE

lla C Kasprzak et al. (2014),'* Dias-Neto et al.

(2023),%4° Juszczak et al. (2019)146

Recommendation 25 Changed

Prophylactic cerebrospinal fluid drainage is recommended for patients undergoing open

thoracic or thoraco-abdominal aortic repair.

Class Level References ToE

I A Coselli et al. (2002),*?* Khan et al. (2012)**

Recommendation 26 Changed

A reactive (rescue) cerebrospinal fluid drainage strategy may be considered preferable to
routine prophylactic drainage in patients undergoing extensive thoracic endovascular aortic

repair.
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Class Level Reference

Ilb C Consensus

Recommendation 27 Unchanged

Re-implantation of major intercostal arteries should be considered during open thoraco-

abdominal aortic repair to reduce the risk of spinal cord ischaemia.

Class Level Reference
lla C Consensus
Recommendation 28 New

Preservation of flow to the internal iliac arteries should be considered during endovascular

thoraco-abdominal aortic repair to reduce the risk of spinal cord ischaemia.

Class Level Reference
lla C Consensus
Recommendation 29 New

Early” clinical neurological evaluation is recommended after open or endovascular thoracic
or thoraco-abdominal aortic repair to enable prompt detection and treatment of spinal cord

ischaemia.

Class Level Reference

| C Consensus
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" Continuously during the peri-operative period in the awake patient undergoing repair under local

anaesthesia, or by immediately post-repair wake up test in the sedated patient.

Recommendation 30 Changed

Peri-operative monitoring of motor evoked potentials should be considered during open

thoraco-abdominal aortic repair for early detection of spinal cord ischaemia.

Class Level Reference
lla C Consensus
3.6. Stroke

The risk of stroke during TEVAR is estimated at 3 — 5% for standard procedures and
10 —20% for FBEVAR.'6-158 A meta-analysis confirmed a 4% stroke rate after
endovascular descending thoracic aortic aneurysm (DTAA) repair, with a significantly
lower risk when the LSA is preserved or revascularised. Stroke occurred in 12% of
patients with LSA coverage without revascularisation, three times higher than in
those with LSA preservation or revascularisation.'*® Additional risk factors include
proximal landing in zones above Ishimaru zone 3 and native aortic landing zones
(LZs).159.160

Stroke pathophysiology in TEVAR is multifactorial, involving embolism,
haemodynamic compromise, and haemorrhage. Emboli can even originate distal to
the LSA owing to retrograde diastolic flow into the vertebral and carotid arteries.6*
While solid emboli from atheroma and thrombus have long been implicated, growing
evidence highlights the importance of air embolism. Air bubbles released from

delivery systems can impair perfusion and trigger neuro-inflammation. 62
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Transcranial Doppler studies show that > 90% of high intensity transient signals
during TEVAR are gaseous and correlate with silent brain infarctions on diffusion
weighted MRI.163

Preventive strategies include careful patient selection, minimising catheter and wire
manipulation in the arch, and avoiding unnecessary LSA coverage. Cerebral
protection devices (filters, clamps, balloons) have been explored!63-16¢ put may
disrupt cerebral perfusion and increase complexity.

Flushing endografts with carbon dioxide (CO2) followed by saline (rather than saline
alone) significantly reduces air release from the delivery system in simulated
settings. This method is compatible with current sheath constrained devices
equipped with a flushing port'67:16¢ and may be considered during TEVAR. Data from
the Carbon Dioxide Flushing versus Saline Flushing of Thoracic Aortic Stents
(INTERCEPTevar) RCT are eagerly awaited.®® For sleeve constrained thoracic
endografts, air is removed from the device by allowing back bleeding during insertion
(GORE TAG Conformable Thoracic Stent Graft instructions for use; W.L. Gore &

Associates, Inc., Flagstaff, AZ, USA).

Recommendation 31 New

Pre-flushing” of the delivery system of the thoracic endograft may be considered in patients

undergoing thoracic endovascular aortic repair to reduce the risk of cerebral air embolism.

Class Level Reference

1lb C Consensus

" With carbon dioxide followed by flushing with saline solution for sheath constrained thoracic

endografts, or with back bleeding for sleeve constrained thoracic endografts.
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3.7. Vascular access

Endovascular repair of DTA and TAbdAo pathologies is typically performed via the
common femoral artery (CFA) for retrograde device delivery. The advent of CMDs
and off the shelf low profile FBEVAR devices has expanded the feasibility of complex
EVAR in patients with hostile femoral or iliac access.’® However, in patients with
very small, calcified, or tortuous iliofemoral arteries, alternative approaches, such as
direct iliac or aortic puncture, or surgical conduit creation may still be necessary. For
complex repairs involving visceral branches, upper limb access via the brachial,
axillary, or subclavian artery allows for antegrade branch cannulation. Rare access
routes (e.g., carotid, transapical, ascending aorta, transcaval) have been described
in arch pathologies but are beyond the scope of this chapter.t’*

Surgical CFA access is achieved via longitudinal or transverse groin incisions. A
meta-analysis of five observational studies and two RCTs (5 922 incisions) found
longitudinal incisions associated with higher risks of wound infection and dehiscence
(risk ratio [RR] 2.9), with no difference in lymphatic or haematoma complications.'”2
Similarly, a Cochrane review of two RCTs (283 incisions) showed a lower infection
risk with transverse incisions (RR 0.25), but no difference in lymphatic
complications.1”3

Surgical conduits are typically created via retroperitoneal access to the iliac artery or
distal aorta using a 10 mm prosthetic graft tunnelled to the groin. A review of 14
studies (16 855 cases) reported 94% technical success with surgical conduits, but
higher complication rates and longer hospital stays.*’* Endoconduits, combining
stenting and balloon dilation, are an alternative and can be created concurrently with
TEVAR or as a staged procedure. Limited data suggest that endoconduits may offer

reduced morbidity and shorter hospitalisation compared with surgical conduits.*"*
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There is increasing interest in using intravascular lithotripsy for vessel preparation to
facilitate large bore access in heavily calcified arteries.'” Current evidence is,
however, mainly derived from the transcatheter aortic valve replacement (TAVR)
literature, and further studies are needed to establish its clinical efficacy in other
settings.

Percutaneous CFA access, guided by ultrasound, fluoroscopy, and or landmarks,
has become an established less invasive alternative to surgical access for
endovascular aortic procedures. Ultrasound guidance improves first pass success
and reduces haematomas and major vascular complications. While evidence mainly
derives from coronary interventions, findings also support ultrasound guidance over
traditional methods for aortic intervention. A meta-analysis of nine RCTs (2 361
patients) showed higher first pass success (OR 3.1) and lower haematoma risk (OR
0.41) with ultrasound vs. anatomic landmark technique, fluoroscopic guidance, or a
combination thereof.1’® An individual participant data meta-analysis of four RCTs

(2 441 patients) confirmed lower rates of major bleeding and vascular complications
with ultrasound guidance.'’” A recent RCT in 544 patients undergoing large bore
access for complex coronary procedures also showed improved first pass success
with ultrasound (vs. fluoroscopy guidance), but no significant difference in major
complications.1’®

Various vascular closure devices are used for percutaneous femoral arteriotomy
closure and are broadly classified into (1) suture based, (2) collagen or plug based,
and (3) membrane based systems. Suture based devices are most commonly used
for large bore access. The Prostar XL (Abbott Vascular Inc., Santa Clara, CA, USA)
is approved for 8.5— 10 F access but is used off label up to 24 F. The Perclose

ProGlide (Abbott Vascular Inc., Santa Clara, CA, USA), the most widely used for up
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to 26 F closure, typically requires two devices. Both allow suture mediated closure
over a wire, enabling placement of an additional device if haemostasis is inadequate.
The MANTA (Teleflex Inc., Wayne, PA, USA) collagen based device uses an intra-
arterial bioresorbable polymer and an extravascular bovine collagen plug, available
in 14 F and 18 F versions for closing arteriotomies between 10— 14 F and 14 - 22 F,
respectively. PerQseal (Vivasure Medical, Galway, Ireland) and InSeal (InSeal
Medical, Waltham, MA, USA) are membrane based devices CE marked for closure
of 14 — 24 F arteriotomies.

Comparative data on vascular closure devices largely stem from studies in TAVR,
with limited evidence specific to endovascular repair of the DTA and TAbdAo. A
systematic review and meta-analysis of two RCTs and eight observational studies
(3113 TAVR patients: MANTA, n=1 358; ProGlide/Prostar XL, n=1 755) found no
significant difference in major access site complications, although collagen and plug
based devices showed a non-significant trend toward more unplanned vascular
interventions.'’® A network meta-analysis of two RCTs and 15 observational studies
(11 344 TAVR patients) found MANTA and ProGlide had similar rates of major
access complications and bleeding, while ProGlide was superior to Prostar in both
outcomes.*® RCTs and cohort studies have shown that the combination of suture—
collagen plug vascular closure devices (one Perclose ProGlide + one Angio-Seal) is
superior to suture only devices (dual Perclose ProGlide). A recent systematic review
and meta-analysis of > 2 000 patients undergoing TAVR from six studies (two RCTS)
found a significant reduction of vascular closure device failure (RR 0.14; p <.0001),
bleeding complications (RR 0.35; p <.0001), major vascular complications (RR 0.42;
p <.0001), and minor vascular complications (RR 0.54; p <.0001) in the combination

group, while no difference was seen in all cause mortality (RR 0.54; p=.0709).81 A
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similar finding was reported from a network meta-analysis of > 21 000 patients
undergoing TAVR from 28 studies.'® Thus, current evidence suggests that
combining small bore collagen plug based and suture mediated closure devices may
be the safest and most effective strategy for TAVR related vascular access.
However, its applicability in the DTA and TAbdAo settings remains to be validated.
Data directly comparing percutaneous access with surgical femoral exposure in
TEVAR or complex EVAR, procedures requiring large bore arteriotomies, remain
limited. A meta-analysis of four RCTs and 13 observational studies with a total of

7 889 access sites (ten studies reporting EVAR, one reporting TEVAR, three
reporting both EVAR and TEVAR, and another three reporting TAVR) found
percutaneous femoral access was associated with lower risk of seroma (OR 0.15),
wound dehiscence (OR 0.14), and surgical site infection (OR 0.38), but a higher risk
of pseudoaneurysm (OR 3.83).183 Another meta-analysis of four RCTs involving 368
participants (530 access sites) compared surgical cutdown with total percutaneous
access for elective EVAR. No significant differences in access site complications,
infections, bleeding, arterial injury, femoral occlusion, pseudoaneurysm, hospital
stay, or peri-operative mortality were found. However, seroma and lymphorrhoea
were significantly less frequent with percutaneous access (0% vs. 3%) and the
procedure time was shorter by an average of 12 minutes.'®* Thus, available
evidence suggests a modest advantage for percutaneous access, supporting its
preferential use.

Upper limb access may facilitate cannulation of downward facing branches and
enable through and through wire support, particularly when femoral access is limited
by iliac disease or tortuosity. The left brachial or axillary artery is traditionally

preferred to avoid crossing the aortic arch and great vessels, thereby minimising
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cerebrovascular risk. However, right sided access may offer ergonomic advantages
and shorter delivery times, with studies showing no significant difference in stroke
risk or access related complications compared with left sided access.85186
Ultimately, the choice of side should be guided by patient anatomy and procedural
complexity. In a registry of 331 patients, percutaneous transaxillary access using
suture mediated closure had an 85% success rate, with 1.5% requiring open
conversion and 13.6% adjunctive procedures.*®” Another multicentre registry
comparing surgical and percutaneous upper limb access using the Perclose
ProGlide vascular closure device in 1 098 patients found similar complication rates
after matching, although adjunctive procedures were more frequent with
percutaneous access.® Current evidence remains insufficient to support a definitive

recommendation on upper limb access for complex TAbdAo repair.

Recommendation 32 New

Pre-operative assessment of the iliofemoral access vessels is recommended before thoracic

endovascular aortic repair.

Class Level Reference

| C Consensus

Recommendation 33 New

To enable device delivery, endovascular or open surgical optimisation should be
considered for compromised access due to diseased and or small calibre iliofemoral

arteries.
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Class Level Reference

lla C Consensus

Recommendation 34 New

Percutaneous access should be considered the preferred method for common femoral

artery access in patients undergoing thoracic endovascular aortic repair.

Class Level References ToE

lla A Vierhout et al. (2017),'8 Antoniou et al.
(2021)184

Recommendation 35 New

Ultrasound guidance is recommended for percutaneous common femoral artery access in

thoracic endovascular aortic repair.

Class Level References ToE

I A Li et al. (2023),176 d’Entremont et al. (2024),77

Meijers et al. (2024),178

4. ACUTE THORACIC AORTIC SYNDROME

The term acute aortic syndrome (AAS) encompasses aortic dissection (AD),
intramural haematoma (IMH), and penetrating aortic ulcer (PAU). AD is generally
attributed to an intimal tear, whereas IMH is thought to result from rupture of the

vasa vasorum without intimal disruption, although its pathogenesis remains debated.
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Some view IMH as a thrombosed AD, while others consider it a distinct medial
haemorrhage. PAU refers to a focal atherosclerotic lesion penetrating into the
media.?® Modern imaging suggests that AD, IMH, and PAU may reflect a spectrum of
the same disease process.

Other acute aortic conditions, such as BTAI and ruptured DTAA, are discussed

separately. For AAS and pregnancy, refer to Chapters 3.3 and 10.1.

4.1. Acute type B aortic dissection

Acute AD is the most common form of AAS and results from an intimal tear (entry
tear) that allows blood to enter the medial layer of the aortic wall, creating a FL
alongside the TL. The dissection may extend antegradely or retrogradely along the
aorta and into branch vessels, potentially impairing organ perfusion. ADs involving
the ascending aorta are cardiothoracic emergencies and are not addressed here.
This section focuses on acute type B aortic dissection (ATBAD), which does not
involve the ascending aorta and accounts for 30 —40% of all AD cases.36:190.191
Hypertension, often poorly controlled, is the most common risk factor associated with
ATBAD, present in over 70% of patients.®2-1%4 Other associated factors include
increasing age, atherosclerosis, congenital aortic valve abnormalities (e.g., bicuspid
or single commissure valves), stimulant use (cocaine, amphetamines), pregnancy,
intense physical exertion, and emotional stress.%>-197 A family history of aortic
disease is reported in 13 —22% of cases.'% Connective tissue disorders (CTDs)
such as Marfan syndrome (MFS), Loeys—Dietz syndrome (LDS), and vascular
Ehlers—Danlos syndrome (VEDS) are also established risk factors (see Chapter

10.1).
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Acute AD can be classified based on three key criteria: (1) anatomic extent; (2)
dissection chronicity; and (3) presence or absence of acute complications (Table 6).
There are three major classification systems based exclusively on the anatomic
extent of the AD (Fig. 3).

DeBakey: proposed in 1965, the DeBakey classification defines ADs according to
the involvement of the ascending and or descending aorta: type I, involvement of
both the ascending and descending aorta; type Il, exclusive involvement of the
ascending aorta; and type Ill, exclusive involvement of the descending aorta.
Stanford: introduced in 1970 and based on whether the dissection involves the
ascending aorta:'% type A aortic dissection (TAAD), involvement of the ascending
aorta; and type B aortic dissection (TBAD), does not involve the ascending aorta.
The most common site for the proximal entry tear is just distal to the origin of the
LSA, with 90% of patients presenting with multiple re-entry tears along the intima,
allowing blood to re-enter the TL.1%

Society of Vascular Surgery/Society of Thoracic Surgeons: proposed by the
North American Society for Vascular Surgery (SVS) and the Society of Thoracic
Surgeons (STS) in 2020.%8 This system categorises dissections based on the
location of the primary entry tear, rather than focusing on ascending and or
descending aortic involvement: type A, location of the primary entry tear in zone O;
type B, location of the primary entry tear in zone 1 or beyond; and type U, cases in
which the primary entry tear is not identifiable.

In addition to anatomic classifications, three additional systems incorporate
pathophysiological characteristics, providing a more comprehensive framework for

acute AD assessment (Fig. 4).
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Penn: developed at the University of Pennsylvania and published in 2012, this
classification integrates the Stanford system (TAAD or TBAD) with four clinical
presentation classes based on branch vessel malperfusion and circulatory
compromise: class A, uncomplicated, haemodynamically stable patients without
malperfusion; class B, branch vessel malperfusion; class C, circulatory compromise,
further divided into type I: aortic rupture with haemorrhage outside the aortic wall;
and type Il: threatened aortic rupture, typically indicated by refractory pain and or
hypertension; and class B-C, branch vessel malperfusion combined with circulatory
compromise.

DISSECT: proposed by Dake et al. in 2013,2% this system encompasses five
features characterised by the mnemonic DISSECT: duration (D), acute (< two
weeks), subacute (two weeks to three months), chronic (> three months); intimal tear
(), assessing the location of the primary entry tear, which can be either in the
ascending aorta (A), aortic arch (Ar), descending aorta (D), abdominal aorta (Ab), or
unknown (Un); size (S), maximum transaortic diameter of the dissected segment
measured on centreline reconstruction; segmental extent (SE), from the proximal to
the distal boundary; clinical complications (C), including complicated (C), with aortic
valve involvement, cardiac tamponade, rupture, branch vessel malperfusion,
progression of aortic involvement with proximal or distal extension, and other
(uncontrollable hypertension, uncontrollable clinical symptoms, rapid FL dilation and
or overall transaortic enlargement > 10 mm within the first two weeks of initial
diagnosis); or uncomplicated (UC); and thrombosis of the aortic false lumen (T),
categorised as patent (P), complete thrombosis (CT), or partial longitudinal or

circumferential FL thrombosis (PT).
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TEM: introduced by Sievers et al. in 2020,%°? TEM stands for type, entry, and
malperfusion: type, expands on the Stanford classification, introducing the non-A,
non-B category to define aortic arch dissections (involvement either at the primary
entry tear or via retrograde extension). This non-A, non-B terminology has also been
endorsed by the European Association for Cardio-Thoracic Surgery (EACTS)/ESVS
consensus statement;?%® entry, identified and verified by the treating physician: EO,
no entry; E1, entry in the ascending aorta, between the aortic valve and the proximal
edge of the brachiocephalic trunk; E2, entry in the aortic arch between the proximal
edge of the brachiocephalic trunk and the distal edge of the LSA; E3, entry in the
descending aorta, below the distal edge of the LSA; and malperfusion: MO, no
radiological or clinical signs of malperfusion; M1, dissection of at least one main
coronary artery with (M1+) or without (M1-) indicators of cardiac ischaemia; M2,
dissection of at least one supra-aortic vessel or aortic arch TL collapse with (M2+) or
without (M2-) clinical symptoms of cerebral or upper extremity malperfusion; M3,
dissection or FL origin of at least one renovisceral or iliac artery, or aortic TL collapse
entailing functional closure of at least one renovisceral or iliac artery, with (M3+) or

without (M3-) clinical symptoms of bowel, kidney, or lower extremity ischaemia.

Table 6. Overview of the different anatomic classification systems for acute aortic dissection,
three purely based on anatomic characteristics, and three combining anatomic and

pathophysiological attributes.

Anatomic Anatomic and pathophysiological
DeBakey Stanford SVS/STS Penn DISSECT TEM
Year 1965 1970 2020 2012 2013 2020
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Definition  Involvemen
t of the
ascendin
g and or
descendi
ng aorta

Categorie Type I:

S ascendin
g+
descendi
ng

Type Il
only

ascendin

g

Type Il
only

descendi

ng

Involveme  Location of
nt of the the
ascendin primary
g aorta entry tear
(yes/no)

Type A: Type A:
ascendin entry tear
g in zone 0

Type B: Type B:
ascendin entry tear
g aorta beyond
not zone 0
involved

- Type U:

unidentifi
ed entry
tear

Stanford +
circulatory
and branch
vessel
perfusion
assessment

Class A:
uncomplicat

ed

Class B:
branch
vessel

malperfusion

Class C:
circulatory

compromise

Class B-C:
branch
vessel
malperfusion
+ circulatory

compromise

Mnemonic

Duration (D):
acute,
subacute,

chronic

Intimal tear
(0:
ascending,
arch,
descending
abdominal,
unknown

Size (S):
maximum
aortic

diameter

Segmental
extent (SE):
from the
ascending

to the iliacs

Stanford +
type +
entry +
malperfusi

on

Stanford
type A and
B, plus
type non-A
non-B

Entry: EO,
El, E2, E3,
which
should be
added to

the type

Malperfusio
n: MO-M3,
plus
symptoms

(+/-)
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- - - - Complication —
s (C): aortic
regurgitatio
n, rupture,
malperfusio
n,
progression
uncontrolle
d
hypertensio
nor
enlargemen
t

- - - - Thrombosis
of the FL
(T): patent,
partial,

complete

SVS = Society for Vascular Surgery; STS = Society of Thoracic Surgeons; Penn = University of
Pennsylvania; DISSECT = duration, intimal tear, size, segmental extent, clinical complications,

thrombosis of the aortic false lumen; TEM = type, entry, malperfusion; FL = false lumen.

Dissection chronicity: TBAD can be defined as hyperacute (< 24 hours), acute
(within 14 days of the onset of symptoms), subacute (between 15 days and 90 days),
and chronic (after 90 days).?® In the acute phase, the dissection flap is considered
thin and highly compliant, whereas in the chronic phase it becomes thicker and less

compliant.204
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Uncomplicated or complicated TBAD: ATBAD typically presents with the abrupt
onset of severe chest and or back pain, present in about 80% of patients.'%
Migrating pain is observed in 20% of patients and pulse deficits in 15%.
Approximately 40 —50% of TBADs are classified as complicated in the acute setting.
A complicated TBAD can be defined as the presence of one or more of the
following:192:193205 (1) aortic rupture, associated with hypotension and shock; (2)
intractable pain or uncontrolled hypertension, refractory symptoms despite multi-
agent antihypertensive therapy and pain relief may be indicative of impending aortic
rupture;2° (3) rapid aortic expansion; (4) retrograde propagation into the arch; and
(5) clinical signs of malperfusion syndromes (visceral, renal, spinal, and or lower limb
ischaemia) caused by hypotension, TL compression, or branch involvement.

Serial creatinine testing and monitoring of urine output are essential for early
detection and treatment of renal malperfusion.'®* Visceral ischaemia'®:192.1% may
not always be associated with abdominal pain, and abdominal pain can be non-
specific in ATBAD. Serum lactate elevation occurs only in advanced or irreversible
intestinal ischaemia.?°”.2%8 Therefore, a high suspicion of mesenteric ischaemia is
crucial, and a low threshold for laparoscopy or laparotomy is advised.?®® Acute limb
ischaemia may affect one or both lower limbs.?'° Neurological symptoms may occur
secondary to malperfusion or thromboembolism, including cerebral, cerebellar, and
spinal stroke. Acute paraplegia, due to SCI, is rare and may mimic lower limb
ischaemia (and vice versa).?!!

High risk features: More recently, the SVS and STS introduced reporting standards
for TBAD. Alongside uncomplicated and complicated, they proposed the additional
category uncomplicated with high risk (for aortic related complications or death)

TBAD. However, it is important to note that evidence supporting these high risk
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criteria is limited and based primarily on retrospective studies. Further validation is
needed before definitive clinical recommendations can be established. The high risk

criteria proposed are shown in Table 7.28

4.1.1. Diagnostics. Timely and accurate diagnosis of AAS is crucial to prevent life
threatening complications such as rupture or dissection progression. Diagnosis is
driven by clinical symptoms and confirmed through advanced imaging techniques.
Multiphase CTA is the gold standard for aortic imaging owing to its high resolution,
rapid completion, and widespread availability.?*2?13 CTA has a 100% sensitivity and
specificity and is significantly superior (p <.05) to MRI and TOE for evaluating supra-
aortic branch involvement. It not only confirms or excludes ATBAD, but also provides
crucial anatomic details for initial management?'4215 (see Chapter 3.1.1).

Despite renal impairment, in cases of strong clinical suspicion, CTA should not be

delayed and should be performed without hesitation.?'?

4.1.2. Medical management. Management of ATBAD involves a combination of
medical therapy and surgical interventions, requiring a multidisciplinary team at a
dedicated high volume aortic centre.?%6

Blood pressure control is the cornerstone of medical management, aimed at
reducing shear stress on the diseased aorta.?!’” Advances in medical management
have significantly improved outcomes, reducing the historical 40% acute mortality
rate?'® to 10 — 14% in all ATBAD cases and as low as 1.2 — 8% in uncomplicated
TBAD (UTBAD).

The primary goal is to achieve shear wall stress reduction by lowering the SBP to

<120 mmHg and maintaining a heart rate <60 bpm,36:190,196,219,220
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Beta blockers are considered first line therapy, with intravenous esmolol or labetalol
being the preferred agents owing to their ability to reduce both heart rate and blood
pressure.®2212 |f further blood pressure reduction is needed, calcium channel
blockers or renin angiotensin system inhibitors may be used as adjuncts.?12221
Vasodilators such as sodium nitroprusside should always be combined with beta
blockers to avoid reflex tachycardia. Other alternative or adjunctive therapies include
A1l adrenergic and non-selective blockers.???

While an aggressive reduction to a SBP <100 - 120 mmHg is traditionally
recommended, rapid lowering of blood pressure is associated with adverse events,
including renal, cardiac, and cerebral ischaemia. There are no RCTs supporting the
published clinical experience of anti-impulse therapy described above.??® Patients
with ATBAD should be closely monitored in high dependency or intensive care units
(ICUs) to ensure early detection of complications and to guide further medical and or
surgical intervention.?% If signs of renal hypoperfusion occur due to induced
hypotension, the extent of blood pressure reduction should be reassessed, in light of
symptom evolution and dissection progression.

In addition to haemodynamic control, effective pain management is crucial, with
intravenous opiates being the mainstay of therapy. Anxiolytics, such as
benzodiazepines, can also be administered to mitigate stress induced
haemodynamic fluctuations.36:190.19

In cases of malperfusion, medical therapy must also address associated
complications such as acidosis, hyperkalaemia, haemodynamic instability, and left
heart failure. However, medical therapy should never delay surgical intervention in

cases where urgent repair is required.
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Recommendation 36 Changed

Prompt medical therapy, with pain control and anti-impulse therapy’, and invasive
haemodynamic monitoring® are recommended as initial treatment for all patients with acute

type B aortic dissection.

Class Level Reference

| C Consensus

" Systolic blood pressure <120 mmHg and heart rate < 60 bpm, which may be adjusted for
maintaining adequate organ perfusion.
T Arterial line and continuous three lead electrocardiogram recording in high dependency or intensive

care units.

4.1.3. Endovascular repair.

4.1.3.1. Uncomplicated acute type B aortic dissection. Currently, there is no
conclusive evidence supporting routine TEVAR in patients with uTBAD.??* When
performed in patients with suitable anatomy, following the manufacturer’'s
instructions for use, outcomes appear favourable.??® Nevertheless, TEVAR is not
without risks and can be associated with severe complications.?26.227

Two RCTs have attempted to clarify the role of TEVAR in uTBAD (Table 8). The
industry sponsored ADSORB (Acute Dissection Stentgraft OR Best Medical
Treatment) trial is the only RCT specifically evaluating uTBAD, comparing best
medical treatment (BMT) alone (31 patients) with BMT and TEVAR (30 patients) in
the acute phase. At 30 days, there were no deaths in either group. The primary
endpoint, a composite of incomplete or absent FL thrombosis, aortic dilatation, or
rupture, was assessed at one year, but the study was not sufficiently powered to

detect differences in the overall mortality rate.??® Another industry sponsored trial,
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the INSTEAD (INvestigation of STEnt Grafts in Aortic Dissection) trial, randomised
140 patients with subacute (=two weeks post-dissection) uTBAD to either BMT
alone (n=68) or BMT with TEVAR (n=72).22° At two years, TEVAR promoted
favourable aortic remodelling but did not provide a survival benefit over BMT alone
(two year survival rate, 95.6% BMT vs. 88.9% BMT + TEVAR; p=.15). The
INSTEAD-XL study later reported five year outcomes, showing a non-significant
absolute reduction in all cause mortality by 8.2% in patients who underwent
TEVAR.%Z0 All patients had undergone complete protocol guided follow up, with no
patients lost during the follow up. A landmark analysis of years two to five suggested
that TEVAR significantly reduced aortic related deaths but did not improve overall
survival compared with medical therapy alone. Given the ongoing uncertainty
regarding the role of TEVAR in uTBAD, three additional RCTs are currently
underway (Table 8).34231-233 These trials aim to address the limitations of ADSORB
and INSTEAD, with the goal of providing conclusive evidence regarding the optimal
management strategy for patients with uTBAD.

Patients with uTBAD managed with BMT, as well as those at high risk of aneurysmal
degeneration in the chronic phase (Table 3) who do not undergo urgent TEVAR,
require close surveillance with repeated CTA.?3 If the patient remains stable without
new symptoms or imaging progression, the recommended imaging schedule
typically includes a follow up CTA at 48 hours and one week after symptom onset in
the acute phase, followed by CTA or MRA at one, three, and six months, and
annually thereafter if the aortic diameter remains stable. However, patients who
develop new or recurrent symptoms, particularly those suggestive of malperfusion,

should undergo immediate CTA to reassess their condition.
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Emerging research may further refine risk stratification by incorporating advanced

imaging techniques. In particular, 4D flow MRI is being investigated as a potential

tool to identify patients classified as “uncomplicated” but who may be at increased

risk of progressive aortic growth and late complications.?3®> These advances could

help guide individualised follow up strategies and early intervention in high risk

patients.

Table 8. Randomised controlled trials on the management of uncomplicated type B aortic

dissection (uUTBAD).

aortic rupture

at one year

Name Country Inclusion Patient  Primary Results
criteria s endpoint
Past randomised controlled trials
ADSORB: Acute 17 Acute UTBAD n=61: Composite Underpowere
Dissection European 31 endpoint, d
Stentgraft OR countries; BMT, including
Best Medical industry 30 incomplete/n
Treatment??8 sponsored BMT+ oFL
TEVA thrombosis,
R aortic
dilatation, or
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INSTEAD: 17 Subacute (>14
INvestigation of European days after
STEnt Grafts in countries; onset)

AD?? industry uTBAD

INSTEAD-XL2% sponsored

Ongoing randomised controlled trials

SUNDAY: 23 centres, uTBAD;
Scandinavian Trial ~ Europe randomisatio
of Uncomplicated and New n after seven
Aortic Dissection Zealand; days to 12
Therapy investigato  weeks of

r driven symptom
onset

n=140: Two and five
68 year survival
BMT,

72

BMT +

TEVA

n =554: All cause

227 mortality at
BMT, five years
227

BMT +

TEVA

R

Non-
significant
8.2%
absolute
reduction in
five year all
cause
mortality for
BMT +
TEVAR

cohort

N/A
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IMPROVE-AD: 60 North uTBAD,; n= Composite of N/A

IMPRoving American randomisatio 1100 all cause
Outcomes in centres n between 48 mortality or
Vascular DisEase hours and six major aortic
— Aortic weeks of complications
Dissection symptom , including
onset rupture,

malperfusion,
spinal cord
ischaemia,
stroke, and
need for
aortic
intervention

at four years

EARNEST: Early 25+ centres, UuTBAD; n=470: Composite N/A

Aortic Repair in UK randomisatio 235 including
patients Needing n between 10  BMT, aortic related
Endovascular/ope days and 90 235 death, major
n Surgery for days BMT + stroke,
Type B Aortic TEVA paralysis, or
Dissection R serious heart

and lung

illness at five

years

uTBAD = uncomplicated type B aortic dissection; BMT = best medical treatment; TEVAR = thoracic

endovascular aortic repair; FL = false lumen; N/A = not available.
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Recommendation 37 New

Routine thoracic endovascular aortic repair is not indicated for uncomplicated acute type B

aortic dissections outside clinical trials.

Class Level References ToE

Brunkwall et al. (2014),%?® Nienaber et al.

(2009),%?° Nienaber et al. (2013)%°

Recommendation 38 New

Patients with uncomplicated” acute type B aortic dissection should be considered for
continued conservative management, with anti-impulse therapy and surveillance with serialt

cross sectional imaging.

Class Level Reference

lla C Consensus

" No signs of rupture or malperfusion.

T Suggested after 48 hours, one week, and one and three months during the acute/subacute phase.

4.1.3.2. Uncomplicated high risk acute type B aortic dissection. TEVAR for uTBAD
may be considered in selected patients to reduce the risk of aneurysm related
complications during the chronic phase.?3¢ The risk factors for these complications
are outlined in Table 7. In observational studies, an aortic diameter 24.0 cm is the
only parameter consistently shown to predict aneurysmal degeneration.?3¢ Other
factors, such as early total lumen expansion, total aortic diameter, total FL diameter,

location of the primary entry tear, and retrograde dissection originating from a tear in
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the DTA with extension into the aortic arch, may also indicate increased risk of
aneurysm related complications in the chronic phase, although supporting evidence
remains inconclusive. Based on these factors, early TEVAR may be considered on
selected individuals with uTBAD and rapid expansion or large initial diameter

(> 4.0 cm), preferably during the subacute phase.?05225236-242 Fyrthermore, given the
relative indication, TEVAR for uTBAD and large initial diameter (> 4.0 cm) should
only be performed in patients with suitable anatomy that permits low risk treatment.
A recent meta-analysis of 1 051 patients (623 early vs. 428 late TEVAR) suggested
that early TEVAR for uTBAD may reduce one year aortic related events (OR 0.48).
However, the vast majority of early TEVAR cases were performed in the hyperacute
phase (<48 hours), a timing associated with significantly higher 30 day mortality (OR
10.26) and complication rates (OR 1.58). This raises concerns about the balance
between short term risk and potential long term benefit. Moreover, the indication for
delayed TEVAR is unclear, as delayed intervention may have been prompted by
evolving high risk features.?*3 A more relevant comparison would be early or
subacute TEVAR vs. optimal medical therapy, which remains the standard for most
patients. Until data from ongoing RCTs are available, routine early TEVAR for

uTBAD cannot be recommended.

Table 7. Suggested high risk imaging features for aneurysm degeneration during the chronic

phase after type B aortic dissection.?3¢

Consistent evidence Need for additional evidence

e Descending aortic e Primary entry tear >1 cm

diameter >40 mm
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e Entry tear location in the lesser curvature (vs. outer curve)

e False lumen diameter >22 mm

e Bloody pleural effusion

e Radiographic but not clinically apparent malperfusion

e Retrograde aortic dissection originating from a tear in the

descending aorta with extension into the arch

Recommendation 39 Changed

Selected patients with uncomplicated” acute type B aortic dissection and suitable anatomy
with early aortic expansion or large initial diameter (> 4.0 cm) may be considered for thoracic

endovascular aortic repair, preferably during the subacute phase.

Class Level Reference

1lb C Consensus

" No signs of rupture or malperfusion.

4.1.3.3. Complicated acute type B aortic dissection. In complicated ATBAD,
numerous studies have reported that interventions during the acute phase are
associated with better outcomes compared with BMT alone, although no RCTs have
been conducted to confirm this.196:244.245 \When intervention is indicated, the
treatment paradigm for ATBAD has shifted towards endovascular procedures as first
line therapy over open surgical intervention.191,246-252

A prospective, multicentre European clinical registry reported a 30 day mortality rate

of 8%, a stroke rate of 8%, and a SCI rate of 2% in 50 patients with ATBAD treated
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with TEVAR.?*” Among patients with complicated ATBAD, those presenting with
visceral malperfusion experience the poorest outcomes, with 30 day mortality rates
ranging from 17 — 34%.2%3

Immediate life threatening complications in ATBAD include signs of rupture, such as
haemothorax, increasing peri-aortic and mediastinal haematoma, and or hypotension
or shock. Clinical signs of malperfusion syndromes affecting visceral, renal, spinal, or
limb circulation are also regarded as critical emergencies. In non-A, non-B AD cases,
mediastinal effusion and cerebral malperfusion are additional concerns.?®* These
patients typically require immediate surgical intervention, either through
endovascular treatment or open cardiothoracic surgery, particularly in the presence
of ascending aortic haematoma. Endovascular repair may be an option for acute
non-A, non-B dissections if the entry tear is located in the DTA.203

Impending rupture also necessitates intervention. Indicators include persistent,
refractory, or recurrent pain despite adequate pain management, including
intravenous opioids, and uncontrolled hypertension despite treatment with three or
more antihypertensive medications at maximum recommended or tolerated doses.??°
TEVAR may also be considered in selected individuals with uTBAD and suitable
anatomy and early aortic expansion or large initial diameter (> 4.0 cm). In such
cases, endovascular or open surgery should be delayed beyond the hyperacute
phase when clinically feasible, to optimise aortic related outcomes and
remodelling.226:255,256

The primary objective of acute endovascular treatment in TBAD is to divert blood
flow and pressure away from the FL into the TL, thereby correcting malperfusion and
ideally restoring the original aortic anatomy to promote complete aortic

remodelling.?®” This is typically achieved by deploying a covered endograft in the
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proximal DTA, sealing the proximal entry tear, and addressing dynamic malperfusion
when the FL compresses the TL. In cases where the LSA is involved, intentional
coverage is often required to secure a stable LZ.

For ATBAD aortic rupture cases, TEVAR also aims to seal the aorta both proximally
and distally. Distally by distal extension of an appropriately sized endograft to just
above the origin of the coeliac artery (CA).?>® No universal rule for oversizing can be
given since it is influenced by morphology and device characteristics. In the setting
of rupture, however, a greater degree of oversizing may be necessary compared
with non-ruptured ATBAD to secure an effective seal.

In cases of remaining static malperfusion, where the FL extends into an aortic
branch, selective branch vessel stenting may be required.?5%2%0 |n patients with
unilateral limb ischaemia where endovascular revascularisation fails or is not
feasible, a femorofemoral bypass is an alternative option. If TEVAR alone does not
sufficiently relieve dynamic malperfusion of the visceral aorta, adjunctive techniques
may also be necessary. These include isolated aortic fenestration to restore
perfusion?61-263 or placement of uncovered stents in the aorta to re-expand the TL, a
strategy known as PETTICOAT (provisional extension to induce complete
attachment). An evolution of the PETTICOAT technique, known as stent assisted
balloon induced intimal disruption and relamination in aortic dissection repair
(STABILISE), involves ballooning of the covered stent graft and the distal bare stents
deployed in the TL to further promote aortic remodelling.?6426°> TEVAR remains the
first line treatment for ATBAD; PETTICOAT and STABILISE are not yet considered
standard therapy and are currently being evaluated for their long term efficacy.
Adequate stent graft design is an important aspect of the endovascular management

of ADs, as considerable tapering of the TL, often caused by compression from the
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pressurised FL and the elastic properties of the intima, may present a significant
challenge.?%¢ To prevent retrograde type A aortic dissection (RTAAD), excessive
proximal oversizing should be avoided in non-ruptured ATBAD, with some studies
suggesting an oversizing threshold of 0 — 10%.267:268 Furthermore, the use of tapered
endografts has been proposed to mitigate excessive distal oversizing, a primary risk
factor for distal stent graft induced new entry (dSINE).?¢” A dissection specific
endograft with a modified low radial force distal stent has been proposed to lower the
risk of dSINE.?®° However, while safe and technically feasible, this approach does
not entirely eliminate the occurrence of dSINE over time.?®° The distal LZ should
preferably be in a straight segment of the aorta, and ballooning should be avoided. It
remains unclear whether endografts with proximal barbs or other fixation elements
should also be avoided when the proximal seal zone involves a dissected or
diseased aorta.?’°

Transcatheter electrosurgical septotomy is an adjunctive technique that disrupts the
dissection lamella, optimising sealing zones and luminal expansion during
endovascular repair. Specifically, it can create viable distal LZs for adequate
endovascular treatment.?’1:272 While early results appear promising in select cases,
concerns remain regarding the risk of lamella dislodgment, particularly in patients
with acute complicated ATBAD.2”3 Moreover, long term outcome data are limited,
necessitating further research before widespread adoption.

TEVAR for ATBAD carries an increased risk of iatrogenic RTAAD, which is
diagnosed in approximately 2.5% of cases. The risk is particularly high in patients
with an ascending aortic diameter > 38 mm, bicuspid aortic valve, arch abnormalities,
dilation of the sinotubular junction, and extensive ascending aortic length.293.267

RTAAD is a life threatening complication requiring urgent OSR of the ascending
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aorta, but despite intervention it is associated with high mortality rates.?’# To mitigate
this risk, careful endograft selection is crucial. Additionally, whenever possible,
treatment during the hyperacute phase should be deferred.?46.27>

Stroke is another significant complication of TEVAR, reported in 3 —10% of patients,
with a higher incidence in those with severe aortic atherosclerosis.?®”:276:277 The
underlying mechanisms include embolisation due to endovascular manipulation
within the aortic arch?’® and compromised cerebral perfusion following LSA coverage
without revascularisation. The risk of stroke is significantly higher in patients with
ATBAD compared with other aortic pathologies (OR 3.47).27° Pre-operative
assessment of supra-aortic trunk patency and morphology, including the circle of
Willis, is essential, particularly when LSA coverage is planned.

LSA coverage also increases the risk of SCI, particularly in patients with
haemodynamic shock, extensive aortic coverage, or a history of previous thoracic
and abdominal aortic surgery.195:137.280-282 An gnalysis from the VQI TEVAR module,
including 501 patients with ATBAD requiring LSA coverage, showed that those
undergoing LSA revascularisation had a lower risk of neurological complications (OR
0.4).281 The availability of off the shelf, single branched stent grafts with high
technical success and favourable short term outcomes has facilitated proximal
landing in zone 2 with simultaneous endovascular LSA revascularisation.?83
Alternative endovascular revascularisation techniques include in situ laser
fenestration, PMEGs, and PGs (see Chapter 3.4 on LSA coverage for further
details).?8

Failure to adhere to manufacturer’s instructions for use, particularly in patients with
unfavourable aortic anatomy, further increases the risk of early and late

complications. These include false aneurysm formation at the stent graft edges, stent
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graft induced new entry (SINE), RTAAD, and acute aortic rupture.285-289
Consequently, rigorous clinical and imaging surveillance is mandatory to detect
these potential complications and to monitor post-TEVAR aortic dilatation,

particularly in patients without early aortic remodelling.?90-291

Recommendation 40 Changed

Patients with complicated” acute type B aortic dissection are recommended for immediate

thoracic endovascular aortic repair to cover the primary entry tear.

Class Level References ToE

I C Steuer et al. (2011),%*° Fattori et al. (2008),2%°

Fattori et al. (2013)%%!

" Rupture or malperfusion.

Recommendation 41 New

Distal extension with an appropriately sized endograft should be considered to ensure a

distal seal in ruptured acute type B aortic dissection.

Class Level Reference
lla C Consensus
Recommendation 42 New
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Patients with residual malperfusion following thoracic endovascular aortic repair for
complicated acute type B aortic dissection are recommended to undergo immediate

selective endovascular revascularisation of the affected target vessels.

Class Level Reference

| C Consensus

Recommendation 43 New

Proximal landing of the thoracic endograft in non-dissected aorta should be considered in

patients undergoing treatment for acute type B aortic dissection.

Class Level Reference
lla C Consensus
Recommendation 44 New

Balloon moulding and or excessive oversizing of the thoracic endograft is not
recommended in patients with acute type B aortic dissection as it increases the risk of

proximal or distal stent graft induced new entry.

Class Level Reference

C Consensus

4.1.4. Open surgical repair. OSR should be considered in patients with complicated
ATBAD if BMT has failed and endovascular interventions are contraindicated.
Contraindications to TEVAR in ATBAD are rare but may occur in challenging aortic

arch angulation and the absence of a suitable proximal LZ.2% Access challenges in
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ATBAD can usually be overcome by the use of conduits or low profile TEVAR
devices (see Chapter 3.7).

The classic OSR including graft replacement of the proximal DTA via a thoracic or
thoraco-abdominal incision, alongside open distal fenestration or closure of the FL at
the distal anastomotic site to direct the blood flow into the TL of the aorta, is no
longer current practice.?®? In most patients, the proximal entry tear is located near to
or at the origin of the LSA, necessitating a proximal anastomosis in zone 2. These
open procedures typically require partial cardiopulmonary bypass or deep
hypothermic circulatory arrest when an “open” proximal anastomosis of the non-
dissected aortic arch is preferred to reduce the risk of iatrogenic RTAAD.2% An
alternative is the frozen elephant trunk technique, which is performed via median
sternotomy and involves simultaneous ascending aorta and aortic arch
reconstruction. This approach eliminates the rare but serious risk of RTAAD
associated with TEVAR.203:294,295

In patients with genetic aortopathy, the use of endografts remains controversial and
is generally discouraged due to concerns about long term durability and potential
complications. However, a retrospective study across 18 global centres, including
171 patients with CTDs undergoing endovascular aortic repair, reported high rates of
early technical success, low peri-operative mortality, and midterm survival
comparable with that of OSR. Estimated overall survival for patients with complicated
dissections or symptomatic or ruptured aneurysms was 92.4% at one year. While the
rate of secondary procedures was high, few patients required conversion to OSR,
suggesting that TEVAR may be considered a viable treatment option in select

patients with CTDs with complicated ATBAD?*® (see Chapter 10.1).
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Complications associated with OSR include death, SCI, stroke, mesenteric
ischaemia and infarction, and acute renal failure.191,248.250.292,295.297 |n cases of
malperfusion syndrome, including lower limb, visceral, or renal malperfusion, open
surgical interventions such as fenestration, extra-anatomic bypass, or aortic
replacement can be performed. However, these procedures are associated with
significantly higher complication and 30 day mortality rates compared with

endovascular techniques.298-300

Recommendation 45 Unchanged

Open surgical repair of complicated” acute type B aortic dissection should be considered in

selected patients unsuitable for endovascular repair.

Class Level Reference

lla C Consensus

" Signs of rupture or malperfusion.

4.1.5. Follow up. Long term follow up after TBAD is essential due to the progressive
nature of the disease and the potential for late complications, including aneurysmal
degeneration, aortic rupture, and malperfusion syndrome. Even in cases managed
conservatively with BMT, serial imaging is crucial to monitor for late aortic expansion,
with long term aortic diameter change (median growth rate of 1.0 mm/year) and
disease progression occurring in 20 —55% of medically treated patients with TBAD
after five years.?17301 Surveillance allows early detection of high risk features such as
rapid aortic growth (> 10 mm/year), persistent FL perfusion, and increasing aortic

diameter beyond 55 mm, factors that may necessitate intervention.
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For uncomplicated cases managed with BMT, an initial follow up CT or MRI after the
acute phase at one, three, six, and 12 months should be considered, followed by
annual imaging if stability is confirmed (see Recommendation 38). For information on
follow up in the chronic phase, see Chapter 5.1. and Recommendation 55.

Patients treated with TEVAR or OSR also require routine follow up to assess for
endograft related complications, including endoleak, RTAAD, or device migration

and disease progression.

Recommendation 46 Changed

Individualised long term clinical follow up and serial cross sectional imaging is
recommended after endovascular and open surgical treatment of acute type B aortic
dissection, taking into account extent of disease and repair, imaging findings, patient

fitness, and life expectancy.

Class Level Reference

| C Consensus

4.2. Intramural haematoma and penetrating aortic ulcer

IMH is defined as the presence of blood within the medial layer of the aortic wall
without an identifiable intimal defect or entry tear on imaging (Fig. 5).3°2303 The exact
pathophysiology of IMH remains debated. One theory suggests that bleeding
originates from a ruptured vas vasis, leading to haematoma formation within the
aortic media.®%43% Another theory proposes that IMH results from an intimal tear,
allowing blood to infiltrate the aortic wall, which subsequently thromboses, rendering

the entry tear undetectable.3%°
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The natural history of IMH is not well defined. During its evolution, IMH may progress
and propagate proximally or distally along the medial layers, resolve completely, or
remain stable. IMH can occur in association with AD and PAU; however, it is
distinguished from AD by the absence of an intimal flap, and from PAU by the lack of
a direct connection with the aortic lumen. Despite these differences, IMH, AD, and
PAU can present with similar clinical symptoms and may evolve into AD.

Reported rates of type B IMH progression vary widely from 4 — 479%,302:306-308 MH
accounts for 10 —30% of AAS presentations.3*® Approximately 60— 70% of IMH
cases involve the aortic arch and DTA.3!? Haematoma expansion can lead to
infarction of the aortic wall, increasing the risk of aneurysmal dilatation and
rupture.3°” Aortic expansion and rupture occur in 20 — 45% of IMH cases.311:312
PAUs are characterised by focal disruptions of the intima, with erosion extending
through the elastic lamina into the aortic media, resulting in an outpouching of
contrast filled blood on CTA, typically surrounded by atherosclerosis (Fig. 6).312 The
underlying pathophysiology is believed to involve erosion of atherosclerotic plaques
and inflammatory changes within the vessel wall. PAUs predominantly affect elderly
patients with multiple co-existing cardiovascular comorbidities.3%”

It is important to distinguish atherosclerotic PAUs from ulcer like projections or focal
intimal disruptions; the latter being focal, blood filled outpouches that extend into an
IMH and typically occur in 20 — 60% of patients with type B IMH.3* High risk ulcer
like projections, defined by a depth =25 mm and location in the proximal aorta,
represent a dynamic and potentially unstable pathology, associated with an
increased risk of adverse aortic events despite optimal medical therapy and may

warrant close surveillance and timely intervention.31>
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The true incidence of asymptomatic PAU in the general population remains
unknown. However, PAUs account for approximately 2 — 7% of AAS cases.3'6 While
PAUs can develop anywhere along the aorta, 90% occur in the DTA.3%* Many
asymptomatic PAUs are detected incidentally during imaging for other conditions.
PAUs are typically classified based on their anatomic location; ascending, arch,
descending, or abdominal aorta. They may occur in isolation or in association with
IMH. Patients with PAU and concomitant IMH are more likely to present urgently,
have a larger baseline aortic diameter, and are at increased risk of SINEs following
endovascular repair.3%’

Isolated PAUs without complicating features generally have a slow growth rate and
can safely be treated with a conservative approach.3'® A PAU is considered
complicated if it is associated with symptoms, pseudoaneurysm formation, or aortic
rupture, all of which necessitate urgent intervention.3® Symptomatic PAUs,
particularly those with a depth > 15 mm, have been associated with poor outcomes

when treated conservatively and could warrant early endovascular intervention.32°

4.2.1. Diagnostics. CTA and MRI are the primary cross sectional imaging
techniques used to differentiate between AD, IMH, and PAU. The hallmark
radiological feature of IMH is high attenuation, crescentic thickening of the aortic wall
(> 5 mm) without an intimal defect, extending longitudinally without causing luminal
narrowing.3*® A delayed venous phase on CTA can further aid in differentiating IMH
in the acute setting.

In contrast, aortic mural thrombus appears irregular, can cause luminal narrowing,
and lacks the longitudinal extension characteristic of IMH. Similarly, an irregular

aortic lumen suggests an atherosclerotic process or PAU. While CTA is the preferred
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modality in emergency settings owing to its widespread availability, MRI is useful for
long term surveillance.3!3

Several studies have evaluated radiological markers that may predict disease
progression and increased risk of aortic adverse events or aortic related death in
both IMH and PAU. Suggested high risk imaging features for type B IMH include:
maximum aortic diameter > 47 — 50 mm;*16:321.322 focal intimal disruption and or ulcer
like projections in the thoracic aorta in the acute phase;*'# increasing or recurrent
pleural effusion;3°® progression to AD; and increasing haematoma. The
corresponding high risk feature for PAU is a PAU associated with a saccular
aneurysm.316 However, most available data on imaging markers are retrospective,
based on small cohorts, and prone to confounding.®?! For example, Ganaha et al.
found a correlation between pleural effusion and adverse events, but the study
included only symptomatic patients and did not distinguish between type A and type
B IMH, limiting its generalisability.3®® A common methodological concern, similar to
studies on UTBAD, is the classification of aortic intervention (e.g., TEVAR or OSR)
as an adverse event. This introduces circular bias, as the radiological findings under
investigation, such as increasing aortic diameter or haematoma thickness, often
serve as indications for intervention, inflating their association with adverse
outcomes. Consequently, although some of these high risk features are discussed,

current evidence remains insufficient to support firm treatment recommendations.

4.2.2. Medical management. Optimal medical therapy has traditionally been
recommended for uncomplicated, symptomatic IMH and PAU, with antihypertensive
medications and analgesia forming the cornerstone of treatment. The clinical course

can be categorised as acute (< 14 days), subacute (15-90 days), and chronic (> 90
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days).3®2 In the acute phase, IMH and PAU management generally follows the same
principles as ATBAD, with complicated cases requiring endografting and
uncomplicated cases initially managed with medical treatment, as outlined in Section
4.1.2.

Reported failure rates of medical treatment alone for IMH range from 47 — 72%,323-325
with failure defined as aortic rupture, aorta related death, aneurysmal enlargement

> 55 mm, or growth > 10 mm within 12 months.32°

There is limited evidence regarding optimal surveillance and follow up strategies for
IMH and PAU. It has been suggested that patients managed conservatively undergo
an initial post-discharge CT at three months. An initial IMH thickness >8 mm is
associated with an increased likelihood of BMT failure.®?° If no signs of progression
are observed, further surveillance scans are suggested at six and 12 months.
Thereafter, annual imaging is advised until year three, after which surveillance may
be extended to every two years if stability is maintained.*® Given the risks associated
with radiation exposure and contrast administration, MRI may be a suitable

alternative for long term surveillance.

Recommendation 47 Unchanged

Patients with uncomplicated” penetrating aortic ulcer or intramural haematoma of the
descending thoracic aorta are recommended for conservative management, including best

medical therapy and surveillance with serial cross sectional imaging.

Class Level References ToE

I C Nathan et al. (2012),3'¢ Salim et al. (2020),3%¢

Evangelista et al. (2015)32¢
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" No rupture, rapid expansion, peri-aortic haematoma, pseudoaneurysm, embolisation, malperfusion,

or refractory or recurrent pain.

4.2.3. Endovascular repair. TEVAR should be considered for complicated IMH
cases. Complicating features include refractory pain, haemodynamic instability,
radiological evidence of disease progression (such as haematoma or aortic
expansion), rupture, or progression of pleural effusion. Suggested predictors of a
complicated type B IMH course include a maximum aortic diameter >40—-45mm, a
maximum aortic wall thickness = 10 mm, the presence of peri-aortic haemorrhage,
development or progression of pleural effusion, and evidence of focal intimal
disruption or ulcer like projections.307:310.313 Similar complication criteria have been
suggested for PAU; however, no consensus exists regarding the cutoff size for ulcer
width or depth. PAU surveillance should consider ulcer growth rate and maximum
aortic diameter.

TEVAR for IMH and PAU can be technically challenging, particularly when a suitable
LZ free from IMH is unavailable. A minimum of 20 mm of healthy aorta is typically
recommended for an adequate LZ.*¢ TEVAR related adverse events include RTAAD
and SINE, with reported rates between 7% and 10% in IMH cases.3?” Additionally,
patients with PAU may present increased challenges for TEVAR owing to extensive
atherosclerosis, which can complicate vascular access.328:329

Literature supports favourable outcomes for TEVAR in IMH and PAU, with high
technical success rates, delayed disease progression, increased IMH regression,

and enhanced aortic remOde”ing.288’295’306’317’320’323‘324'326'330_333

Recommendation 48 Unchanged
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Patients with complicated” penetrating aortic ulcer or intramural haematoma of the thoracic

aorta should be considered for thoracic endovascular aortic repair.

Class Level Reference

lla C Consensus

" Signs of rupture, pseudoaneurysm, malperfusion, rapid expansion, or refractory/recurrent pain.

5. CHRONIC TYPE B AORTIC DISSECTION

TBAD is classified as chronic TBAD (CTBAD) after 90 days.?® The clinical
presentation of CTBAD may vary; patients with initially diagnosed ATBAD entering
the chronic phase of the disease may be asymptomatic or present with symptoms
similar to the acute phase of the dissection, with the most common symptom being
chest pain.1%? Patients with a first diagnosis of CTBAD without previous known
ATBAD are commonly asymptomatic. The diagnosis in these patients is usually
incidental during imaging for other reasons. In these cases, the patient’s history has
to be carefully evaluated for a previous acute pain event in order to define the correct
timing of the dissection. Rarely, patients with CTBAD may present with other signs
and symptoms (e.g., abdominal angina, limb ischaemia, renal function deterioration)
indicating malperfusion, or hoarseness and acute chest pain indicating enlarging or
ruptured aorta.?**

Aortic related complications in patients with CTBAD include aneurysmal
degeneration of the dissected aorta, recurrent dissection, retrograde dissection, and
rupture. The expansion rate of the dissected aorta varies, but it is estimated that 20 —

55% of medically treated patients with CTBAD will develop aneurysmal
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degeneration after five years.3°! For CTBAD and pregnancy, refer to Chapters 3.3

and 10.1.

5.1. Medical management

Lifelong antihypertensive therapy, with a target blood pressure < 130/80 mmHg, is
recommended in patients with CTBAD to prevent aortic expansion and to reduce the
risk of aortic related death.98:221:251,334-340

Long term treatment with beta blockers has been shown to reduce aneurysmal
degeneration of the dissected aorta and the incidence of late dissection related aortic
procedures in non-randomised studies.33** An analysis of the IRAD database showed
that beta blockers in patients after TAAD and TBAD were the most commonly
prescribed medication and suggested that their use was associated with improved
long term survival.3® A large retrospective cohort study from Taiwan, including
almost 7 000 patients with AD, demonstrated that the use of beta blockers, ACE
inhibitors, or ARBs after hospital discharge was associated with long term mortality
reduction.®38 A Swedish registry study also demonstrated that ACE inhibitors were
associated with higher long term survival in medically treated patients after AD.34!
Finally, calcium channel blockers were also shown to be associated with decreased
aortic expansion during follow up and improved long term survival in patients with
TBAD.342

Several studies have suggested that an important proportion of late deaths in
patients with CTBAD are non-aorta related but rather caused by comorbidities. 11343
Atherosclerosis has been shown to be an independent predictor of late death, and
smoking has been shown to increase late death after TEVAR for TBAD,3** while

statins have been shown to increase survival in medically treated patients with
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AD.** In a retrospective study from China on 645 patients with ATBAD treated
endovascularly, long term statin therapy was associated with a significantly reduced
risk of all cause death, aorta related death, and aorta related adverse events.>*® This
implies that atherosclerotic risk factors should be systematically assessed and
adequately managed in this patient population, with particular consideration given to
statin therapy.

After initial management of the dissection (either medical and or interventional),
disease progression may occur causing aortic enlargement, extension of the
dissection, malperfusion, rupture, or other complications. Surveillance is therefore
required to diagnose such complications, but also to proactively identify risk factors
that may predispose to these complications before their occurrence.

There are currently no robust data to support the superiority of any one particular
surveillance programme against another. Lifelong serial imaging is required with
either CTA or MRI, or a combination of both, with the aim of reducing the radiation
burden especially in younger patients. The frequency of surveillance imaging should
be individualised based on several parameters such as the aortic diameter,
expansion rate, the status of the FL (thrombosed or not), and the presence of
heritable thoracic aortic disease (HTAD).%8:346 Unfortunately, recent data have shown
that almost a third of patients do not attend the first recommended follow up visit
after AD, and such non-compliance with subsequent follow up was associated with a

higher lifetime risk of death compared with compliant patients.?®°

Recommendation 49 Changed

Patients with chronic type B aortic dissection are recommended for life long

antihypertensive therapy, with target blood pressure <130/80 mmHg, and surveillance with
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serial cross sectional imaging after six and 12 months and thereafter individualised as

appropriate.

Class Level Reference

| C Consensus

Recommendation 50 Changed

Beta blockers, angiotensin converting enzyme inhibitors, angiotensin receptor blockers,
and or calcium channel blockers are recommended for long term antihypertensive medical

treatment in patients with chronic type B aortic dissection.

Class Level References ToE

I B Genoni et al. (2001),3%* Suzuki et al. (2012),33°
Chen et al. (2021),3% Smedberg et al. (2022),34

Jonker et al. (2012)342

Recommendation 51 New

Patients with type B aortic dissection should be considered for long term statin therapy.

Class Level References ToE
lla C Smedberg et al. (2022),%*! Cheng et al.
(2024)345

5.2. Indications for repair

The most common indication of aortic repair in patients with CTBAD is the

development of a chronic post-dissection aneurysm of the thoracic or thoraco-
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abdominal aorta.! The goal of the repair is to prevent aortic rupture. Other less
common situations that mandate evaluation and may indicate repair of a CTBAD
include recurrent symptoms, rapid enlargement of the aortic diameter

(2 10 mm/year), and clinical and imaging signs of end organ malperfusion.®234

In asymptomatic patients, the maximum aneurysm diameter remains the most
important indicator for treatment. Available data on rupture risk mainly pertain to
degenerative thoracic aortic aneurysm (TAA) and TAAA, while there is a lack of data
specifically on aneurysm development after CTBAD.

A study of the natural history of 907 degenerative TAAs and TAAAs followed over
time indicated that complications (rupture, dissection, and death) increase
dramatically at two hinge points, 6.0 cm and 6.5 cm. Also, five year complication free
survival progressively decreased with increasing aortic height index.34’

A prospective study of the UK National Health Service, including 886 patients with
arch aneurysm or DTAA, demonstrated a significant association between aneurysm
size and all cause deaths (hazard ratio [HR] 1.9 per cm) and aneurysm related
deaths (HR 2.2 per cm). For aneurysms of 4 — 6 cm diameter, the predicted one year
mortality was below 10%, which increased to 12% and 22% for 7 cm and 8 cm
aneurysms, respectively. By three years, patients with 6 cm aneurysms have a
predicted mortality of 21%, while probabilities for those with 7 cm and 8 cm
aneurysms have increased to 36% and 58%, respectively. The predicted one year
aneurysm related event probabilities for aneurysms of 6 cm, 7 cm, and 8 cm were
3.5%, 7.1%, and 13.8% respectively. Aneurysms of =4 cm increased by 0.07 cm per
year. Each 1 cm increase in the maximum diameter within a patient more than

doubled the risk of overall death (HR 2.0) and aneurysm related death (HR 2.4).348
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In conclusion, evidence from DTAA and TAAA studies supports considering
preventive intervention for CTBAD aneurysms at a diameter =6 cm, with decisions
guided by patient fitness, aneurysm anatomy, and individual preferences (see ToE
on Recommendation #61). As aortic diameter alone can be influenced by body size,
normalising it by body surface area or body height provides a more standardised
measure of aortic size relative to an individual’s body, which may be a better
predictor of aortic aneurysm rupture and growth than simple aortic diameter,
particularly in women.#%* Thus, a lower diameter threshold (= 5.5 cm) for repair may
be considered in selected patients based on aortic size index (ASI) or in significant

growth cases (see ToE on Recommendation #62).

Recommendation 52 Unchanged

Patients with chronic type B aortic dissection and an aortic diameter 26.0 cm should be

considered for repair, taking into account fitness, aneurysm anatomy, and patient

preferences.

Class Level Reference

lla C Consensus

Recommendation 53 Unchanged

A lower aortic diameter threshold (2 5.5 cm) for repair may be considered in selected”

patients with chronic type B aortic dissection.

Class Level Reference

Ilb C Consensus

" Based on aortic size index or significant growth.
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5.3. Endovascular repair

5.3.1. Thoracic endovascular aortic repair. The role of TEVAR in the treatment of
CTBAD has not been clearly defined. There are several studies available, but
different anatomic and clinical characteristics among included patients make it
difficult to interpret their findings and produce general conclusions. Available
evidence suggests that TEVAR in appropriately selected patients with CTBAD
appears to be safe with low peri-operative mortality and morbidity rates.**° The long
term data from the INSTEAD RCT also showed that TEVAR in the early chronic
phase of the dissection was associated with improved five year aorta specific
survival compared with BMT only.?3° Nevertheless, accumulating evidence suggests
that TEVAR alone in CTBAD does not result in favourable aortic remodelling in the
abdominal aorta, but only in the thoracic aorta, and is associated with significant re-
intervention rates in midterm follow up. A study showed that TEVAR for CTBAD
resulted in complete abdominal FL thrombosis in only 60% of patients, resulting in
aortic re-intervention rates of 39%.3*° Another study demonstrated a high rate of re-
intervention after TEVAR for CTBAD (31% at five years), with aneurysmal
degeneration distal to the treated segment being the most common reason for re-
intervention.3%° Additional groups have suggested that in patients undergoing TEVAR
for CTBAD, late aortic expansion in both the thoracic and abdominal aorta remains
an important issue and aggressive re-intervention should be considered.35! A
systematic review showed growth of the thoracic aorta in 7 —25% and of the
abdominal aorta in 7 —45% of patients following TEVAR for CTBAD.?*! Treatment
failure (death, need for re-intervention, or failure to achieve thrombosis of the

dissection related aneurysmal degeneration) has been reported in almost 40% of
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patients receiving TEVAR for CTBAD.31¢ Particularly for extensive thoraco-
abdominal dissections, TEVAR alone results in total FL thrombosis in only 13 -30 %
of patients.®>? Most recently, a meta-analysis of pooled reconstructed time to event
data comparing TEVAR in different temporal settings in patients with TBAD
demonstrated that TEVAR in the chronic phase was associated with poor outcomes
including high rates of aortic related death and late aortic re-intervention during
follow up.2%3 In view of the above, TEVAR alone seems to have a limited role in the
treatment of extensive thoraco-abdominal CTBAD. TEVAR alone should be
considered mainly for those CTBAD in which the aneurysmal degeneration is
confined to the thoracic aorta, and there is an adequate distal sealing zone in non-
dissected aorta above the CA.3%* Proximal landing of the thoracic endograft should

be considered in non-dissected aorta or surgical graft.

5.3.2. Fenestrated and branched endovascular aortic repair. Over recent years,
specialised aortic centres have been using FBEVAR for the treatment of extensive
thoraco-abdominal CTBAD. In contrast to proximal TEVAR, aiming to close the
proximal entry tear, FBEVAR aims to achieve complete sealing of the post-dissection
aneurysm proximally and distally. Additional technical issues in post-dissection
aneurysms should be considered (narrow TL, target vessels originating from the FL,
dissection progressing into distal sealing zones). FBEVAR appears to be safe and
effective in the midterm with nearly identical outcomes in patients with post-
dissection and degenerative TAAA.3% Published series from high volume aortic
centres report 30 day mortality rates of 0 —5.6% with technical success rates of 86 —

100%. SCI rates range between 4.2% and 11%.170:354:356-360 Freedom from re-
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intervention at two years ranged between 58% and 86%.3%° Complete FL thrombosis

during follow up was shown in 65 —92% of patients.

5.3.3. Adjunctive endovascular procedures. Various endovascular procedures
have been described to induce FL thrombosis in CTBAD, mostly as an adjunct to
TEVAR. These include mainly embolisation of the FL with coils, plugs, or glue, and
the Candy Plug technique.5%:362 Published results of these techniques with coils,
plugs or glue remain limited. The Candy Plug technique has been increasingly
reported. A larger multicentre retrospective series with 155 patients treated with the
Candy Plug technique for distal FL occlusion reported 100% technical success and
early complete thoracic FL thrombosis in 77% of patients. During a median follow up
of 23 months, the CTBAD aneurysm size was reduced in 47%, remained stable in
49%, and increased in 4%.3%2 The high aortic remodelling and FL thrombosis rates
support the concept of distal FL occlusion as an adjunct in the treatment of AD.
Limiting aortic coverage through FL occlusion reduces the complexity of the repair
and the risk of SCI.

Most recently, transcatheter electrosurgical septotomy (TES), an adjunctive
technique for the management of structural valvular diseases, has been used to
disrupt the dissection lamella during endovascular repair of chronic post-dissection
aneurysms, for creating suitable LZs, enlarging aortic luminal diameter in patients
with TL compression, and facilitating branch vessel catheterisation. TES could be
particularly useful when treating patients with CTBAD with focal areas of aneurysmal
enlargement allowing for a limited extent of aortic coverage, and in patients with
TAAAs repaired by FBEVAR, respectively. Following reports of lamella dislodgement

and intima invagination in patients with acute complicated ADs, caution should be
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exercised when using TES in the acute setting.?’334 Although early reports have
shown promising results in the chronic setting, the technology remains in its early
stages, and definitive conclusions about its role in clinical practice cannot yet be
drawn. Consequently, the use of TES should currently be confined to clinical study

settings.

Recommendation 54 Changed

Thoracic endovascular aortic repair should be considered as the primary treatment option
for patients with chronic type B aortic dissection and aneurysm formation confined to the

thoracic aorta.

Class Level Reference ToE
lla C Conrad et al. (2010)36°
Recommendation 55 New

Proximal landing of the thoracic endograft in non-dissected aorta or surgical graft should be

considered in patients treated for chronic type B aortic dissection.

Class Level Reference
lla C Consensus
Recommendation 56 New

Endovascular repair with fenestrated and branched technologies should be considered first
line therapy in patients with chronic type B aortic dissection and aneurysm formation

involving the thoraco-abdominal aorta.
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Class Level References ToE

lla C Tenorio et al. (2020),3% Oikonomou et al.
(2019),%7 Abdelhalim et al. (2023),%¢° Conrad et

al. (2010)3%s

Recommendation 57 New

Distal false lumen occlusion may be considered as an adjunct to thoracic endovascular

aortic repair in patients with chronic type B aortic dissection and aneurysm formation.

Class Level Reference

b C Consensus

5.4. Open surgical repair

The basic OSR steps for chronic dissection are similar to those for degenerative TAA
or TAAA repair (see Chapter 6). Contemporary high volume, single centre series
report operative mortality rates ranging between 6% and 16%,4%:366-370 gand SCI
rates range between 3% and 16 %.3’! In contrast, lower volume centres report
significantly higher operative mortality rates, exceeding 20%.3%%37! These data
strongly suggest that OSR for chronic post-dissection aneurysms should be limited
to high volume specialist aortic centres.

Several series report long term outcomes after OSR for chronic dissections. A study
published in 2011 reported 53% survival and 70% freedom from re-intervention at

five years.3%6 Later studies reported better survival rates of 71% and freedom from
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death and re-intervention of 68% at ten years.3%8 A recent study reported survival of
61% and freedom from aortic related re-interventions of 85% at ten years.3"°

Since the advent of endovascular techniques, OSR for CTBAD aneurysm has played
a decreasing role. However, it may still be considered for selected younger patients

with a long life expectancy and or genetic aortopathy and low surgical risk.37°

Recommendation 58 Changed

Open surgical repair may be considered in selected patients” at low surgical risk with

chronic type B aortic dissection and thoraco-abdominal aortic aneurysm formation.

Class Level References ToE

Ilb C Gombert et al. (2022),14? Alfonsi et al. (2018),368
Preventza et al. (2018),%%° Tanaka et al.

(2021)37

" Young patients with long life expectancy and or with genetic aortopathy.

5.5. Follow up

Given the high risk of late complications and disease progression requiring re-
intervention, long term clinical follow up and imaging surveillance is recommended
after any type of CTBAD repair. The frequency of imaging surveillance should be
individualised based on factors such as extent and type of repair, previous imaging

findings, and life expectancy.

Recommendation 59 Changed
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Individualised long term clinical follow up and serial cross sectional imaging are
recommended after endovascular and open surgical treatment of chronic type B aortic
dissection, taking into account the extent of disease, repair, imaging findings, fitness, and

life expectancy.

Class Level Reference

| C Consensus

6. DESCENDING THORACIC AND THORACO-ABDOMINAL AORTIC

ANEURYSMS

TAAs are defined as aortic dilatation with at least a 50% increase in diameter3’?
located in any segment of the aorta between the LSA origin and the diaphragm.
Type A DTAA involves the proximal DTA, terminating at the level of T6; type B DTAA
involves the distal DTA, starting at T6; and type C DTAA involves the entire DTA.?%7
Aortic aneurysms are defined as TAAA when they involve the portion of aorta at the
diaphragmatic crura. The thoracic and abdominal segments may be involved with a
variable extension according to Crawford’s classification®’3 (Fig. 7). Safi et al. added
an extent V to Crawford’s classification for aneurysm with an extension from the
distal half of the DTA to the abdominal aorta, limited to the visceral segment.374
Extent IV TAAAs are addressed in the ESVS 2024 AAA guidelines,® to which the
reader is referred for further details.

The estimated incidence of TAA is 5—10/100 000 person years.'2376377 |n the
Copenhagen general population study, including 11 294 individuals with a median

age 62 years, the prevalence of DTAA was 1.2% in men and 0.1% in women.3’® In a
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meta-analysis, the prevalence of simultaneous DTAA was 14.1 % in patients with
AAA.

A meta-analysis reported a prevalence of synchronous and metachronous TAA in
patients with AAA of 19.2%, with a twofold increased risk for women, while diabetes
mellitus was associated with a 43% decreased risk.3’® In a Danish screening study of
14 989 patrticipants aged 60 — 74 years, the strongest independent predictors of DTA
dilatation were concomitant dilations of the ascending aorta (OR 5.8), aortic arch
(OR 12.7), abdominal aorta (OR 5.5), and iliac arteries (OR 4.7).38 These findings
support the recommendation that patients with an aortic aneurysm should undergo
imaging of the entire aorta.3"®

Histopathologically, TAA and TAAAs are characterised by fragmentation of elastic
tissue and loss of smooth muscle cells leading to medial degeneration, with
increased deposition of proteoglycans, with or without atherosclerosis.38!

Risk factors include hypertension, especially diastolic,378-382 atherosclerosis, and
smoking.383-38 A recent prospective, population based case control study found a
clear difference in risk factor profile between AAAs and TAAs. Smoking,
hypertension, and CAD were significantly associated with later diagnosis of AAAs,
while hypertension was the only factor associated with TAA. This suggests a partially
different aetiology for TAAs and AAAs.3% A meta-analysis including five population
based cohort studies and five case control studies, including more than one million
patients, reported an inverse association between diabetes mellitus and TAA.38” A
Mendelian randomisation study also found that genetic predisposition to type 2
diabetes decreases the risk of TAA.388

DTAAs can also be associated with genetically triggered diseases such as MFS,

LDS, VvEDS, as well as other syndromic and non-syndromic conditions that may be
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familial or sporadic (see Section 10.1). TAA and TAAA can also be secondary to AD
(see Chapter 5). Giant cell arteritis (GCA) (see Section 10.4), trauma (see Chapter
8), and infections (see Section 10.5) are less common aetiologies.

The estimated average expansion rate of DTAAs and TAAAs is 1.2 —

2.9 mm/year.389-392 Factors associated with increased expansion rate are female
sex, aneurysm size, smoking, presence of intraluminal thrombus, familial or
syndromic aetiology, age, coexisting peripheral arterial disease, and
COPD_347,381,382,389,392—394

Baseline aneurysm diameter and growth rate are strong predictors of both overall
and aneurysm related death in patients with DTAA and TAAA. In the Effective
Treatments for Thoracic Aortic Aneurysms (ETTAA) study, each 1 cm increase in
aneurysm size, whether as a difference between patients at baseline or as growth
within an individual patient, was associated with a twofold increase in the hazard of
death.3*® In a prospective study of 721 patients with DTAA and a mean follow up of
over nine years, the five year mortality rate among those managed conservatively
was 46%. Aortic diameter was a strong predictor of adverse outcomes, including
rupture, dissection, and death. For aneurysms exceeding 60 mm, the annual risk of
rupture was 4%, rupture or dissection 7%, death 12%, and the combined risk of
death, rupture, or dissection was 16%. In contrast, patients who underwent elective
surgical repair had a life expectancy approaching that of the general population.3®® In
a study of 907 patients with DTAA or TAAA, aneurysms measuring = 6.0 cm were
associated with a 19% annual rate of rupture, dissection, or death. The probability of
aortic events (aortic rupture or aortic related death) increased sharply at two hinge
points: 6.0 cm and 6.5 cm. Notably, 80% of dissections occurred at a diameter below

5 cm.34” This study also reported the association between aortic aneurysm and aortic

126



height index (AHI), defined as the ratio of aortic diameter (in cm) to patient height (in
meters). AHI = 4.2 was associated with a sixfold increase in the hazard of aortic
events compared with an AHI of 3.0 -3.5.

In addition to aneurysm size, other factors associated with increased rupture risk
include older age, female sex, active smoking, diastolic hypertension, COPD, and
renal impairment.3°6-3%8 |n patients with genetically triggered aortopathies, aortic
complications may occur at smaller diameters than in those with degenerative
atherosclerotic aneurysms.®! Evaluation of pain as a predictor of rupture is
challenging, but the presence of pain even if uncharacteristic has been associated

with subsequent rupture.3%*

6.1. Management of small descending thoracic aortic aneurysms and thoraco-

abdominal aortic aneurysms

All patients with DTAA and TAAA should be considered for extensive cardiovascular
risk factor management, with smoking cessation, blood pressure control, statin and
antiplatelet therapy, and lifestyle advice, as appropriate.39°4%° For more
recommendations on risk assessment and medical management, see Chapter 3; for
specific advice regarding medical management in patients with aneurysm
development based on chronic AD, see Chapter 5; and for genetic aortopathy, see
Chapter 10.

Patients with smaller aneurysms who may become candidates for elective repair
once the diameter reaches the treatment threshold should be enrolled in routine
imaging surveillance programmes (see also Chapter 3.1). The frequency of imaging

surveillance should be tailored based on aneurysm size and patient risk factors.
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Recommendation 60 New

Patients with a small descending thoracic or thoraco-abdominal aortic aneurysm who are
deemed fit for repair are recommended for surveillance with serial” cross sectional imaging

to monitor growth.

Class Level Reference ToE

I C Sharples et al. (2022)348

" Computed or magnetic tomography annually as baseline, less frequently for small or stable
aneurysms, and individualised in case of rapid growth and when almost reaching the threshold for

repair.

6.2. Indication for surgical repair

Indications for aneurysm repair in DTAA and TAAA are less extensively studied than
for AAA owing to their lower incidence and prevalence. Aneurysm diameter is the
key determinant. Other critical factors for surgical decision making include aneurysm
anatomy, extent, and growth rate, aneurysm aetiology (e.g., genetic aortopathy),
history of previous aortic surgery, comorbidities, fitness for repair, age and life
expectancy, and patient preferences.

Balancing the risk of aortic complications against operative risks, a maximum
aneurysm diameter of 26.0 cm on CTA is the recommended threshold for
considering repair for DTAA and TAAA 347

At present, the available evidence does not support reducing the threshold for the
general population. However, in selected patients with specific anatomic or clinical
features, elective repair at a lower threshold (= 5.5 cm) may be appropriate to

prevent fatal aortic complications. Indications for treatment of smaller diameter

128



aneurysms include large ASI (> 3)401402 or rapid growth (equivalent to 210 mm in 12
months). In a prospective cohort study including 886 patients with arch aneurysm or
DTAA =4 cm, women had significantly worse survival without intervention. All cause
mortality was higher in women after adjustment for diameter (HR 1.65; p <.001), but
this difference diminished after adjustment for aneurysm size index (HR 1.11;

p =.359).4%2 The shape of the aneurysm may also possibly be of importance. In a
VQI analysis of 2007 patients who underwent TEVAR for degenerative aneurysms,
712 with saccular and 1 295 with fusiform TAAs, saccular TAAs were significantly
more likely to be treated as an emergency or urgently (for rupture or symptoms)
below standard repair thresholds. Among women, 38% of saccular TAAs were
treated below 5.0 cm compared with 10% of fusiform TAAs, while in males 47% of
saccular TAAs were treated below 5.5 cm vs. 21% of fusiform TAAs.*%3 Patients with
genetically triggered DTAA and TAAAs may also be considered for repair at a
smaller diameter, depending on the specific genetic condition (see Chapter 10).

In the future, machine learning may enhance current diameter based criteria for
surgical intervention. In a study of 1 083 patients with DTAA measuring =3.0 cm
(mean diameter 4.1 cm) and a mean follow up of 3.5 years, six machine learning
classifiers were trained using 44 clinical variables to predict the risk of dissection,
rupture, or all cause death at one, two, and five years. The models achieved area
under the receiver operating characteristic (ROC) curves of 0.847 —0.856 for
predicting type B dissection or rupture and 0.820 — 0.845 for predicting type B
dissection, rupture, or all cause death. All machine learning models consistently
outperformed descending aortic diameter alone, which had ROC values of 0.713 —
0.733. Key predictive variables beyond aortic diameter included history of MI,

hypertension, and sex.4%*
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Recommendation 61 Unchanged

Patients with descending thoracic or thoraco-abdominal aortic aneurysms and an aortic
diameter 26.0 cm should be considered for repair, taking into account fitness, aneurysm

anatomy, and patient preferences.

Class Level References ToE

lla C Zafar et al. (2021),%*” Sharples et al. (2022),%48

Davies et al. (2002),3% Kim et al. (2015)4%

Recommendation 62 Unchanged

A lower aortic diameter threshold (2 5.5 cm) for repair may be considered in selected”

patients with descending thoracic or thoraco-abdominal aortic aneurysms.

Class Level References ToE

IIb C Chen et al. (2021),3'4 Zafar et al. (2021),3#

Pouncey et al. (2024)402

" Based on aortic size index or significant growth.

Recommendation 63 New

Non-infected saccular descending thoracic aortic aneurysms may be considered for early
surgical treatment with a lower diameter threshold for elective repair than for standard

fusiform aneurysms.

Class Level Reference
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Ilb C Consensus

6.3. Surgical repair of descending thoracic aortic aneurysms and thoraco-

abdominal aortic aneurysms

6.3.1. Endovascular repair. TEVAR is the preferred treatment for patients with
DTAA. When the anatomy is favourable, the procedure is typically straightforward
and can be performed using a standard tube graft. To achieve adequate sealing
during TEVAR, both proximal and distal LZs should be at least 20 mm in length, with
an aortic diameter <4.2 cm at the LZs.

Evidence comparing TEVAR and OSR for DTAA primarily derives from systematic
reviews and meta-analyses of retrospective series and non-randomised or
population based studies. A 2016 Cochrane database systematic review concluded
that non-randomised studies suggest TEVAR is associated with improved early
outcomes, including lower rates of paraplegia and death and shorter hospital stays,
compared with OSR.#% |n a large, population based study using Medicare data from
patients treated between 1999 and 2010 with follow up through 2014, 1 235 OSR
patients were propensity matched to 2 470 TEVAR patients. OSR was associated
with a higher peri-operative mortality rate but a lower late hazard of death. The odds
ratio for peri-operative mortality with OSR compared with TEVAR was 1.97 in high
volume centres and 3.62 in low volume centres. Despite this late survival advantage
for OSR, overall mean survival favoured TEVAR (-209 days for OSR). However, the
risk of re-intervention was significantly lower after OSR (HR 0.40).%9” A meta-
analysis comparing OSR and TEVAR for DTAA included 10 672 OSR patients and
3908 TEVAR patients. OSR patients were significantly younger (mean age 65.1

years vs. 70.0 years), and the majority in both groups underwent elective repair
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(OSR 83.4% vs. TEVAR 81%). OSR was associated with significantly longer ICU
stay (8.5 days vs. 4.5 days) and overall hospital stay (9.5 days vs. 5.7 days). The
rates of major complications, including paraplegia (5.5% vs. 3.3%), renal failure
(8.3% vs. 6.2%), and cardiac complications (13.5% vs. 3.1%), were significantly
higher in the OSR group. However, the 30 day mortality rate was higher in the
TEVAR group (3.2% vs. 4.4%). Importantly, there were no significant differences in
one and five year mortality rates between the two groups.*°® A recent study reporting
ten year outcomes following TEVAR for DTAA showed Kaplan—Meier estimates of
overall survival at 76%, 59%, and 34% at one, five, and ten years, respectively.
Freedom from re-intervention was 84% at one year, 73% at five years, and 58% at
ten years. In multivariable analysis, factors independently associated with an
increased risk of re-intervention included fusiform aneurysm morphology, proximal
LZ 2, and hypertension, while device generation was not a significant predictor.*%® In
a cohort study of 685 patients undergoing TEVAR for isolated DTAA, of whom 54%
were women, no significant differences in short and long term outcomes were
observed between sexes. Peri-operative mortality was 4.1% in women and 2.2% in
men (p =.25), while the overall complication rate was 16% in women and 21% in
men (p =.16). At five years, women and men had comparable outcomes: mortality
rate (58% vs. 53%), re-intervention (39% vs. 30%), and late aortic rupture (0.6% vs.
1.2%). After adjustment for baseline differences, outcomes remained similar
between the sexes over the five year follow up period.#10

The risk of stroke following TEVAR is approximately 3 —49%.1%6411 A systematic
review of 2 594 patients (61% male; mean age 72 years) undergoing TEVAR for
DTAA reported a pooled stroke incidence of 4.1%. Stroke risk varied depending on

the management of the LSA; when left uncovered the stroke incidence was 3.2%
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compared with 5.3% when the LSA was covered but revascularised with a
simultaneous bypass, and 8.0% when the LSA was covered without
revascularisation. These findings suggest preventive revascularisation of the LSA
should be considered whenever possible!'%41? (see also Chapter 3).

SCl is one of the most feared complications of TEVAR. In an analysis of 7 889
TEVAR patients (mean age 67.6 = 13.9 years; 65% male) from the VQI dataset
2014 - 2018, the incidence of transient SCI was 1.5% and permanent SCI 2.1%.4%!
For more information on prevention and treatment of SCI, see Chapter 5.1.
Coverage of the CA may be required to achieve an adequate distal seal during
TEVAR. A recent meta-analysis of 15 observational studies including 3 506 patients
reported 236 cases of intentional CA coverage. The pooled rates of visceral
ischaemia, SCI, and 30 day or in hospital mortality were 13%, 5%, and 4%,
respectively. Notably, 44% of patients who developed visceral ischaemia died within
30 days or during the hospital stay.'%® Further evidence from a VQI analysis of 628
patients undergoing TEVAR for TAAA, with endograft extension to the level of the
CA, compared outcomes between those with intra-operative CA occlusion (n =44)
and those with CA preservation (n =584). CA occlusion was associated with
significantly higher 30 day mortality rate (11% vs. 4%) and a higher incidence of a
composite endpoint including death and bowel ischaemia (23% vs. 9%). On
multivariable analysis, CA occlusion was independently associated with an increased
30 day mortality rate (OR 3.9) and the composite endpoint (OR 3.0).%12 Therefore, in
cases where CA coverage is planned, collateral circulation should be assessed on
pre-operative CTA. If adequate collaterals through the gastroduodenal artery are
demonstrated, CA coverage without revascularisation may be considered.*4.415

Otherwise, CA revascularisation should be performed to reduce the risk of visceral
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ischaemia,*13416417 preferably by endovascular means with a CMD or in situ
fenestration or PGs.

A VQI based risk calculator for predicting 30 day mortality following endovascular
repair of an intact DTAA identified six predictive variables: age, CAD, American
Society of Anesthesiologists (ASA) physical status class IV and or V, urgency of the
procedure, previous carotid revascularisation, and a proximal LZ located proximal to
zone 3.9

Endovascular TAAA treatment is more challenging due to renovisceral artery
involvement, the extensive length of the affected aortic segment, and the presence
of vital intercostal and lumbar arteries. FBEVAR is the most widely adopted
endovascular technigue for TAAA treatment. Initially, these devices were
manufactured on a customised basis to match the individual patient's anatomy.4'8
CMDs offer several advantages, particularly in terms of anatomic precision, but they
are limited by their production time, which typically requires several weeks. This
delay makes them unsuitable for urgent or emergency cases and carries a significant
risk of aneurysm rupture during the waiting period, especially in patients with large
aneurysms.*19420 To address this limitation, a number of off the shelf branched
devices have been developed for TAAA. These are designed based on the most
common anatomic configurations of target vessels to accommodate a broad range of
patients.*?! As of the publication of these guidelines, two such devices have received
CE mark approval and are commercially available, while others are currently under
evaluation. An alternative approach involves the use of PMEGs. These modifications
can either be performed on the back table before device deployment or created “in
situ” after graft release using needles, laser probes, or electrified wires.379:422:423 Both

techniques have yielded favourable outcomes in selected cases within a limited
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number of specialised aortic centres. However, they remain experimental, have not
gained widespread acceptance, and should preferably be reserved for use within the
context of clinical research or in emergency settings. Procedures should be
systematically documented in prospective databases to support ongoing evaluation.
FBEVAR has demonstrated acceptable outcomes in patients with TAAA. In a meta-
analysis, the pooled rates of SCI were 13.5% (95% confidence interval [CI] 10.5—
16.7%), permanent paralysis 5.2% (95% CI 3.8 —6.7%), post-operative dialysis
6.4% (95% CI 3.2 - 9.5%), permanent dialysis 3.7% (95% CI 2.0 —5.9%), stroke
2.7% (95% Cl 1.9 — 3.6%), and peri-operative death 7.4% (95% CI 5.9 —9.1%).5*
Target vessel instability is a composite definition including any stent stenosis, stent
separation, or type Ic or type llic endoleak necessitating re-intervention. It also
includes stent occlusion, aneurysm rupture, or death due to complications involving
target vessels. Retrospective data suggest that the renal arteries are more
susceptible to target vessel related complications than the visceral arteries (6% vs.
2%) during complex abdominal and thoraco-abdominal procedures.*?*

Single centre and multicentre retrospective observational studies have shown that
endograft designs incorporating renal fenestrations are associated with higher
patency rates than those using renal branches.*?>426 Based on these observations,
fenestrations may be preferable to branches for renal arteries, provided the anatomy
allows for close apposition of the fenestration to the aortic wall.*?’

A variety of balloon and self expandable stent grafts from different manufacturers
have been used to bridge the target vessels in FBEVAR.#?54%% Most stent grafts have
shown acceptable outcomes, although long term failure of some earlier generation
bridging stent grafts has raised concerns.*??439 While used in FBEVAR, it is

important to note that their use in this specific application is considered off label for
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many available stent grafts. Currently, the only on label bridging devices for FBEVAR
are the balloon expandable BeGraft, BeFlared (Bentley InnoMed GmbH, Hechingen,
Germany) and Gore VBX (Gore Medical, Flagstaff, AZ, USA).#31.432 The Advanta
V12/iCast balloon expandable covered stent (Getinge Maquet, Rastatt, Germany;
Getinge/Atrium Medical Corporation, Merrimack, NH, USA) was recently approved
as a bridging stent in the US market. Hence, the constant developments in bridging
stent technology and the lack of comparative data and long term results make clear
recommendations challenging.

For fenestrated main body designs, balloon expandable covered stents are widely
accepted as the preferred bridging stent design due to the robust radial strength, low
profile, and accuracy in deployment at the fenestrations. A diameter of <0.4 cm,
more aortic protrusion in the renal target vessels as well as a pre-operative tortuosity
index and oversizing of the bridging stent in the visceral target vessels have been
associated with adverse events in fenestrated repair.*33

For branched main body designs, extensive experience is available both with self
expandable and balloon expandable bridging stents as well as with the combination
of these two.355434-436 Target vessel diameter, bridging length (gap), and horizontal
misalignment seem to be associated with adverse target vessel outcomes in
branched repair.**” The choice between balloon expandable and self expanding
stent grafts for directional branches remains an evolving field, with rapidly emerging
evidence and ongoing innovation. A 2024 meta-analysis suggested slightly inferior
outcomes with balloon expandable bridging stents.*3® Similar findings have been
reported in retrospective single centre and multicentre studies showing favourable
results with self expanding stents or combinations of the two.3°543* Nevertheless,

current evidence does not support a universal recommendation for any single
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bridging stent design in directional branches. Stent selection should be individualised
based on patient anatomy, procedural complexity, operator experience, and the

available long term performance data of the specific stent used in TAAA repair.

Recommendation 64 Changed

Thoracic endovascular aortic repair is recommended as the first line surgical treatment

option in patients with descending thoracic aortic aneurysms.

Class Level References ToE

I B Abraha et al. (2016),%°¢ Chiu et al. (2019),4°7

Harky et al. (2019)4%8

Recommendation 65 Changed

Endovascular repair with fenestrated and branched technologies should be considered as

the first line surgical treatment option in patients with thoraco-abdominal aortic aneurysms.

Class Level References ToE

lla C Oderich et al. (2021),%?* Dias-Neto et al.
(2023),%3° Jobim et al. (2024),%° Finnesgard et

al. (2025)%1

Recommendation 66 Changed

Open surgical repair may be considered in selected patients at low surgical risk” with

descending thoracic or thoraco-abdominal aortic aneurysms.

Class Level References ToE
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Ib C Rinaldi et al. (2025),%? Zeigler et al. (2025),44

Cambiaghi et al. (2024)%44

" Young patients with long life expectancy or with genetic aortopathy.

Recommendation 67 New

If coverage of the coeliac artery is required to achieve an adequate seal during
endovascular repair for descending thoracic aortic repair, revascularisation should be
considered if collateral flow from the superior mesenteric artery is insufficient, preferably by

endovascular techniques.

Class Level References ToE

lla C King et al. (2020),%'% Hanna et al. (2022),47

Mezzetto et al. (2023)44°

Recommendation 68 New

In endovascular thoraco-abdominal aortic repair, fenestrations may be considered preferred
over branches for the renal arteries when the endograft is adjacent to the aortic wall at the

level of the renal arteries.

Class Level References ToE

Ilb C Panuccio et al. (2015),%?° Katsargyris et al.

(2023),%25 Martin-Gonzalez et al. (2016)*46

Recommendation 69 New
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Balloon expandable bridging covered stent design should be considered as first choice for

fenestrations.

Class Level Reference
lla C Consensus
Recommendation 70 New

Balloon expandable, self expanding, and combinations of bridging covered stent designs
may be considered for branches during thoraco-abdominal aortic repair, taking into account

the bridging distance, target vessel anatomy, and properties of the bridging stent.

Class Level Reference

Ilb C Consensus

6.3.2. Open surgical repair. Although endovascular repair is the preferred treatment
for DTAA and TAAA in patients with suitable anatomy, OSR may be considered in
the following situations: (1) lack of adequate arterial access or contraindications to
aortic or iliac conduit placement (e.g., severe aorto-iliac occlusive disease); (2)
absence of suitable proximal or distal LZs; (3) genetically triggered DTAA; (4) DTAA
in young, otherwise healthy patients without major contraindications to OSR; (5)
presence of aorto-oesophageal fistula; and (6) symptoms resulting from compression
of adjacent structures by a large DTAA, such as chronic pain due to vertebral
erosion, dyspnoea from tracheobronchial compression, dysphagia from oesophageal
compression, or cardiac symptoms,280:447,448

The risk of post-operative renal failure is increased in patients with pre-existing renal

impairment. These patients benefit from pre-operative hydration and maintenance of
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adequate renal perfusion during the peri- and post-operative periods.**® Robust
evidence shows that the risk of SCI, as well as mesenteric and renal ischaemia, is
closely associated with the duration of aortic cross clamping. Cross clamp time is
recognised as one of the most critical predictors of post-operative neurological
complications.**° To mitigate these risks, various methods of extracorporeal
circulation may be employed, including left heart bypass (LHB), temporary axillary to
femoral artery shunting, cardiopulmonary bypass without cardiac arrest, and deep
hypothermic circulatory arrest. These more advanced perfusion strategies may be
particularly beneficial in aortic rupture cases or when proximal clamping carries a
high procedural risk,442:450.451

Mortality rates for DTAA repair remain significantly different between elective and
emergency settings, reported at approximately 10% and 45%, respectively.4°2
However, outcomes following elective OSR of DTAA have improved substantially
over recent decades. A meta-analysis including 12 245 patients undergoing OSR for
DTAA reported a pooled operative mortality rate of 6.6% for DTAA, with a pooled
late mortality rate of 0.6% per person year. Pooled post-operative complication rates
for DTAA included: stroke 4.5%; permanent SCI 2.9%; renal failure 5.3%; respiratory
failure 19.9%; and MI 4.1%. Meta-regression analysis found that use of the clamp
and sew technique and CSFD were associated with lower operative mortality,
whereas ruptured aneurysm was associated with higher mortality. The authors noted
that the lower mortality rate observed with the clamp and sew technique might reflect
selection bias, but could also be attributed to the technique’s increased procedural
speed and reduced risk of coagulopathy.*53

During open DTAA and TAAA repair, extracorporeal circulation techniques are

employed to maintain distal perfusion and avoid haemodynamic disturbances such
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as severe afterload increase and organ ischaemia. Common strategies include LHB,
cardiopulmonary bypass, and deep hypothermic circulatory arrest.#424544% |n LHB, a
temporary bypass circuit is established from the left atrium to the distal aorta or
femoral artery. Following completion of the proximal anastomosis, selective visceral
perfusion is typically performed by direct cannulation and perfusion of the CA and
superior mesenteric artery using blood from the LHB circuit.3"# With regard to renal
perfusion, neither isothermic nor cold blood perfusion has demonstrated superior
efficacy over cold crystalloid solutions in protecting renal function.*%® Histidine—
tryptophan—ketoglutarate (HTK) solution (Bretschneider’s solution, also commercially
known as Custodiol) is a low potassium, high flow crystalloid solution primarily used
for organ preservation in transplantation, particularly for liver, kidney, heart, lung, and
pancreas. It is known for its protective effects, including buffering capacity, low
electrolyte content, and ability to stabilise cell membranes. Renal perfusion with HTK
at 4°C has demonstrated superior renoprotective effects in a RCT.457:458

For visceral artery re-implantation, a commonly used method is the inclusion
technique (Carrel patch), which involves a tailored side cut on the aortic graft to
incorporate visceral vessels. This technique is relatively straightforward and reduces
the number of anastomoses, potentially shortening organ ischaemia time. However,
when the visceral ostia are widely separated, this technique may predispose to
aneurysmal aortic patch degeneration over time.*>° To mitigate this risk, individual
re-attachment of widely spaced visceral vessels (often the left renal artery) may be
preferred, either directly or using an interposition graft. Alternatively, the use of pre-
manufactured branched grafts allows for separate anastomoses to each visceral

artery, which may offer greater durability and reduced patch related complications.
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These individualised techniques are particularly suitable for younger patients and
those with genetically triggered aortopathies, such as MFS.

Post-operative pain following DTAA or TAAA OSR can significantly impact recovery.
It may limit patient mobilisation, impair respiratory effort, and lead to secretion
retention, all contributing to prolonged hospital stay, increased risk of pulmonary
complications, and a potentially higher post-operative mortality rate. Post-operative
pain management may include several analgesic strategies, including systemic
opioids, epidural analgesia, intercostal nerve blocks, and local anaesthetic infusions.
While these methods offer varying degrees of pain relief, none have fully resolved
the challenge of post-thoracotomy pain, and each is associated with its own
drawbacks. In this context, intercostal nerve cryoablation has emerged as a
promising adjunctive approach for post-operative analgesia. Recent studies have
reported encouraging outcomes, demonstrating improved pain control and reduced

reliance on systemic analgesics.*6°

Recommendation 71 Changed

Distal aortic perfusion is recommended during open surgical repair for thoracic and
thoraco-abdominal aortic aneurysms to maintain end organ perfusion and reduce the risk of

ischaemic complications.

Class Level References ToE

I C Kouchoukos et al. (2019),%%® Fehrenbacher et

al. (2010)%61

Recommendation 72 New
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Renal perfusion using cold crystalloid solutions, such as histidine-tryptophan-—
ketoglutarate (HTK) solution, should be considered during open surgical repair of thoracic

and thoraco-abdominal aortic aneurysms to minimise ischaemia—reperfusion injury.

Class Level References ToE
lla B Tshomba et al. (2014),%7 Kahlberg et al.
(2023)4%8

6.3.3. Hybrid repair. Hybrid repair, which combines surgical re-routing (bypassing)
of the visceral and renal arteries with endovascular exclusion of the aortic aneurysm
using a standard stent graft, represents an alternative strategy for managing TAAASs.
Originally proposed as a less invasive option compared with conventional OSR,*6?
hybrid repair has not demonstrated a consistent reduction in complication rates at
early or midterm follow up.*63-465 Despite the advantage in the avoidance of
thoracotomy and aortic cross clamping, in practice the approach tends to inherit the
early risks of OSR and the late complications of endovascular therapy. A meta-
analysis of 528 hybrid TAAA repairs across 14 studies reported a peri-operative
mortality rate of 14.3%, with SCI rates of 7.0%, mesenteric ischaemia 4.5%, and
permanent renal failure 7.0%.4¢® Given the established efficacy of conventional OSR
and the ongoing advances in fenestrated and branched endovascular techniques,
the role of hybrid repair in contemporary TAAA management has become
increasingly limited. Nevertheless, surgical bypass from the iliac artery to one or
more visceral arteries remains a valuable bailout option in cases of endovascular

target vessel failure during or after FBEVAR.
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6.3.4. Management of bleeding and antithrombotic therapy. Management of peri-
operative bleeding remains one of the major challenges in TAAA OSR. Standard
plasma coagulation tests and plasma fibrinogen level measurements have notable
limitations in guiding the real time management of bleeding disorders. Viscoelastic
testing methods, such as thrombo-elastography (TEG) or rotational
thromboelastometry (ROTEM), offer valuable insights by assessing clot formation
kinetics and clot strength. These tests enable real time identification of specific
coagulation defects and provide targeted guidance for haemostasis management
during surgery.#%% In this context, evidence from an RCT supports the use of
fibrinogen concentrate as an effective alternative to fresh frozen plasma for
correcting coagulopathy during TAAA OSR, when clinically appropriate.*¢”

The endovascular approach offers the advantages of reduced invasiveness and
lower intra-operative blood loss compared with OSR. However, non-negligible
bleeding can still occur during endovascular procedures, particularly in complex or
prolonged cases. Additionally, extensive thrombosis within the aneurysm sac may
lead to platelet consumption and activation of the coagulation cascade, potentially
resulting in coagulopathy.*¢® In prolonged procedure cases, significant blood loss,
clinically evident bleeding, pre-existing coagulation disorders, or laboratory evidence
of coagulopathy, the use of viscoelastic testing (e.g., TEG or ROTEM) may be
valuable. These methods allow real time assessment of clot formation and strength,
facilitating the diagnosis and management of acquired coagulation disturbances
during and after endovascular repair.46°

Proper heparinisation during open DTAA and TAAA repair is essential to prevent
blood clots from forming. Activated clotting time (ACT) is the most commonly used

test to monitor the effect of heparin during surgery. Although there is limited
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evidence for the efficacy of heparin in endovascular DTAA and TAAA repair, itis a
general vascular surgery principle. Accepted doses range between 50 IU/kg and
100 1U/kg, and heparin efficacy may be tested using ACT to ensure adequate
anticoagulation, with a suggested target ACT of 200 — 250 seconds.479471

Long term target vessel patency remains a major concern in endovascular TAAA
repair. Reported rates of target vessel instability after FBEVAR range from 5 —
30%,472 with higher occlusion rates observed for branches compared with
fenestrations.*”® The optimal medical management strategy to mitigate the risk of
target vessel occlusion remains the subject of debate, with considerable variation in
practice across centres.*6%474 A recent multicentre retrospective study including

1 430 patients undergoing FBEVAR found that dual antiplatelet therapy (DAPT) was
associated with a lower incidence of cardiovascular ischaemic events and higher
target vessel patency compared with single antiplatelet therapy, without an observed
increase in bleeding complications.*”® These findings were corroborated by a
separate analysis from the US Aortic Research Consortium involving 1 525 patients,
which also reported improved target vessel patency in those receiving DAPT.474
However, both studies are limited by their retrospective, non-randomised design,
relatively short follow up, and lack of detailed bleeding risk assessment in patients
selected for single antiplatelet therapy vs. DAPT. A multicentre study focusing
specifically on branch stent grafts included 120 patients and 416 target vessels. At
five years, the stent occlusion rate was 10.6% for renal branches and 3.7% for
visceral branches. In multivariable Cox proportional hazards analysis, absence of
any antithrombotic therapy was associated with a nearly 11 fold increased risk of
stent occlusion (HR = 10.7). The median time to graft occlusion was 260 days

(interquartile range 144, 422). Notably, several occlusions occurred during aspirin
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monotherapy following an initial period of DAPT, although this observation did not
reach statistical significance.*’® Thus, available data suggest that DAPT may be
beneficial after FBEVAR in patients without an increased bleeding risk. Initiation of
DAPT is appropriate once the immediate post-operative phase has passed,
generally upon discharge. The optimal duration of DAPT continues to be a topic of
discussion. The duration of DAPT is often individualised, with three to six months
being considered for most patients,*¢® while longer durations (beyond 12 months)
may be considered for patients at high risk of vessel occlusion and who tolerate
DAPT without bleeding events and are at low risk of bleeding. Patients with a high
bleeding risk, such as those with a history of bleeding or taking other medications
that increase bleeding risk, may require shorter durations of DAPT, possibly even
just one month if three months poses safety concerns. The bleeding risk in patients
considered for DAPT can be assessed using risk scores such as the PRECISE-
DAPT score, which incorporates five parameters: age, haemoglobin, creatinine

clearance, white blood cell count, and history of previous spontaneous bleeding.*’’

Recommendation 73 New

Viscoelastic testing” to assess real time clot formation and stability should be considered
during open surgical repair of thoracic and thoraco-abdominal aortic aneurysms to guide

haemostatic management.

Class Level Reference ToE

lla C Monaco et al. (2019)4¢¢

* Thromboelastography (TEG) or rotational thromboelastometry (ROTEM).
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Recommendation 74 New

Intra-operative administration of intravenous heparin (50 — 100 IU/kg) is recommended
during elective endovascular repair of descending thoracic and thoraco-abdominal aortic

aneurysms to prevent thromboembolic complications.

Class Level Reference

| C Consensus

Recommendation 75 New

Activated clotting time monitoring should be considered during open and endovascular
repair of thoracic and thoraco-abdominal aortic aneurysms to assess heparin efficacy and

guide additional dosing.

Class Level Reference
lla C Consensus
Recommendation 76 New

For patients without an increased bleeding risk, temporary dual antiplatelet therapy may be
considered after endovascular thoraco-abdominal aortic aneurysm repair with fenestrated

or branched endografts to reduce thrombotic complications and improve target vessel

patency.
Class Level Reference
Ilb C Consensus
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6.3.5. Accessory renal arteries. Accessory renal artery (ARA) is a common
anatomic variant, with an incidence of 9 —20% among patients with AAA, which may
pose challenges during both endovascular and open TAAA repair.*’®

In endovascular repair, ARA coverage has been associated with complications such
as persistent type Il endoleaks and renal infarction. Conversely, efforts to preserve
ARAs often necessitate CMDs and prolonged procedure times due to the need for
complex bridging manoeuvres.*’°480 A recent meta-analysis of ten retrospective
studies published between 2004 and 2020, including 1 014 patients (302 with ARA
coverage and 712 without ARA or without coverage), found that coverage of ARAs
measuring less than 4 mm was associated with a higher risk of renal infarction.
However, there was no significant impact on renal function or death during the early
post-operative period or long term follow up.*8*

In the setting of OSR, ligation of ARAs also carries a risk of renal infarction.
Alternatively, re-attachment of these arteries to the aortic graft may prolong the
operating time and increase the risk of late complications, such as anastomotic
degeneration or pseudoaneurysm formation.*2

Although emerging imaging techniques offer improved tools to assess the functional
contribution of ARAs to renal perfusion, it remains challenging to precisely quantify
the volume of parenchyma perfused by an individual vessel.*®3 Careful pre-operative
planning is essential for managing ARAs, particularly given that coverage or ligation
of these vessels may lead to renal infarction, which can increase the risk of post-
operative renal failure, especially in patients with pre-existing renal impairment.*8
Current evidence supports a selective management strategy: small ARAs may be

safely excluded, while preservation is recommended for larger ARAS (=4 mm in
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diameter) or those presumed to supply a significant portion of the renal parenchyma
(e.g., more than one third).*8!

There is currently no evidence supporting routine pre-emptive embolisation of ARAs
before endovascular TAAA repair. However, embolisation may be considered for
larger ARAs (>3 mm in diameter) arising directly from the aneurysm sac, where the

risk of persistent type Il endoleak is increased.*®

Recommendation 77 New

Preservation of large accessory renal arteries (24 mm) or those that supply a significant
portion of the kidney (2 one third) should be considered during thoraco-abdominal aortic

aneurysms repair to minimise the risk of post-operative renal dysfunction.

Class Level Reference
lla C Consensus
Recommendation 78 New

Pre-emptive embolisation of accessory renal arteries may be considered in selected cases”

before endovascular thoraco-abdominal aortic aneurysm repair.

Class Level Reference

Ilb C Consensus

* Large accessory renal arteries arising directly from the aneurysm sac, where the risk of persistent

type Il endoleak is deemed elevated.
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6.4. Follow up

Given the high risk of late complications and disease progression requiring re-
intervention, long term clinical follow up and imaging surveillance is recommended
after any type of DTAA or TAAA repair. The frequency of imaging surveillance
should be individualised based on factors such as extent and type of repair, previous

imaging findings, and life expectancy.

Recommendation 79 Changed

Individualised long term clinical follow up and serial cross sectional imaging are
recommended after thoracic or thoraco-abdominal aortic aneurysm repair, taking into

account extent of disease, repair, imaging findings, fitness, and life expectancy.

Class Level Reference

| C Consensus

7. RUPTURED DESCENDING THORACIC AND THORACO-
ABDOMINAL AORTIC ANEURYSMS

Ruptured DTAA and TAAA are lethal without intervention and approximately 40 —
60% of patients die before reaching hospital.*® When aneurysms of the DTA extend
proximally into the distal aortic arch, proximal repair may require inclusion of the
aortic arch. The management of aortic arch pathologies is addressed in a separate
ESVS/EACTS position paper.?%® This chapter focuses specifically on ruptured

thoracic aortic disease due to degenerative aneurysm or chronic dissection,

150



including cases with thoraco-abdominal extension, while the management of acute
dissection with rupture is discussed separately (see Chapter 4).

The incidence of ruptured DTAA and TAAA is difficult to determine, largely due to the
low rate of postmortem examinations. Consequently, deaths resulting from ruptured
DTAA and TAAA may be misclassified, e.g., as cardiac death.'?2 While data suggest
that hospital admissions for DTAA repair are increasing in some countries, the rate
of emergency admissions for ruptured DTAA has been stable.20:487:488

Rupture may occur into the mediastinal tissues, pleural space, lung parenchyma, or
a combination of these. In patients who survive to hospital presentation, the rupture
is often contained by adjacent structures such as the pleura, pericardium,
oesophagus, heart, lung, or diaphragmatic crus, preventing immediate
exsanguination.?3

Clinical manifestations typically include chest or back pain and signs of
haemodynamic instability such as syncope or hypotension. Less common
presentations, such as dysphagia, haemoptysis, or haematemesis, may occur in the
setting of primary or secondary aorto-oesophageal or aortobronchial fistulae.*8°
The diagnosis of ruptured DTAA is primarily established by CTA (Fig. 8). The
hallmark finding is contrast extravasation from the aortic wall in the setting of an
aneurysmal aorta. However, in the absence of overt extravasation, rupture should
still be strongly suspected when a DTAA is accompanied by peri-aortic haematoma,
haemothorax, or haemomediastinum, and the aorta should be treated as ruptured

until proven otherwise.

151



7.1. Initial management

Patients diagnosed with ruptured DTAA or TAAA should be promptly considered for
transfer to a high volume aortic centre.*?%4°1 The establishment of standardised
protocols and transfer pathways facilitates timely and appropriate management of
these critically ill patients, similar to existing models for ruptured AAAs.*%2 The
feasibility and risks of surgical intervention are influenced by both the extent of the
aneurysm and the patient’s comorbidities. Therefore, early involvement of a
multidisciplinary aortic team is essential to guide decisions regarding transfer and
treatment strategy.

In patients with significant comorbidities, complex aneurysm morphology, and or
advanced age, SDM involving the patient and family may lead to a preference for
palliation rather than active intervention. Despite recent advances in treatment, the
mortality rate following ruptured DTAA repair remains high including beyond the
early post-operative period. Outcomes are particularly poor in patients with end
stage renal disease and in octogenarians, who have noticeably limited long term
survival after repair.5%814% Even when using less invasive approaches such as
TEVAR, the potential for limited long term benefit in frail, elderly patients should be
carefully considered, and in selected cases palliation may be the more appropriate
course of action*®* (see Recommendation #19).

While studies have demonstrated that transfer of patients with aortic emergencies to
high volume centres is safe,*%%4954% there is a lack of specific evidence regarding
optimal management during transfer in ruptured DTAA or TAAA cases. Adherence to
a protocol of permissive hypotension, established in the context of infrarenal AAA

rupture, appears reasonable.4°”4% This typically involves avoiding aggressive fluid
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resuscitation and provided the patient remains conscious, maintaining a target SBP

of 70 — 90 mmHg until definitive aortic control is achieved.

Recommendation 80 New

A policy of permissive hypotension” during the pre-operative period should be considered in
patients with a ruptured thoracic or thoraco-abdominal aortic aneurysm, provided adequate

end organ perfusion is maintained?.

Class Level Reference

lla C Consensus

" By restricting fluid resuscitation.

T Consciousness and ability to speak are practical indicators of adequate cerebral perfusion.

7.2. Endovascular repair

7.2.1. Endovascular repair of ruptured descending thoracic aortic aneurysm.
TEVAR is the first line treatment for patients with a ruptured DTAA when
anatomically feasible. Epidemiological data show that TEVAR has become the
predominant modality for managing ruptured DTAA in many countries.?® Although
RCTs comparing TEVAR and OSR are lacking, registry based studies consistently
demonstrate that TEVAR is associated with lower early mortality and complication
rates.*°959 |n a multinational analysis involving 13 countries, the peri-operative
mortality following TEVAR for ruptured DTAA was 26.8%, with a combined rate of
death, paraplegia, stroke, and renal impairment reaching 40.3%.%° National data
from Sweden reported 24 hour and 30 day mortality rates of 10.7% and 20.7%,

respectively, among patients undergoing TEVAR for ruptured DTAA.5%! In contrast,
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OSR is associated with a 30 day mortality ranging from 20% to 45%.5°? A national
German analysis based on Diagnosis Related Group (DRG) data reported a
significantly lower in hospital mortality rate after TEVAR compared with OSR (22.3%
vs. 42.9%).20 Similarly, a systematic review of 18 studies including 2 088 patients
found that TEVAR was associated with reduced peri-operative and one year
mortality rates, renal impairment, and pulmonary complications. Rates of stroke and
paraplegia were similar between groups, although re-intervention was more common
after TEVAR.5% Importantly, the advent of TEVAR has expanded the pool of patients
eligible for treatment, as its minimally invasive nature allows intervention in
individuals previously considered unfit for OSR.488

The technical principles of TEVAR for ruptured DTAA due to degenerative disease
are similar to those applied in elective repair of intact DTAA. Access can be achieved
either percutaneously or via femoral cutdown, depending on patient anatomy and
operator preference.®%* Like ruptured AAA,2 TEVAR for ruptured DTAA is preferably
performed under local anaesthesia.>0%:5%

Data on optimal endograft sizing in the setting of ruptured DTAA remain limited. A
recent study in the context of BTAI demonstrated that patients presenting with
hypotension (SBP <90 mmHg, mean arterial pressure <70 mmHg) had, after
resuscitation and TEVAR, a 13% larger proximal aortic diameter compared with pre-
resuscitation imaging. In this setting, 30% graft oversizing relative to the pre-
resuscitation LZ was shown to be safe.*%” These findings suggest that endograft
oversizing should be tailored to the patient's haemodynamic status, with greater
oversizing considered when pre-operative imaging is obtained under hypotensive
conditions. However, a universally applicable degree of oversizing cannot be

recommended, as it depends on both patient specific and device specific factors.
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To achieve an adequate sealing zone during TEVAR for ruptured DTAA, supra-aortic
branch coverage, primarily the LSA, for proximal sealing,>°® and of the CA for distal
sealing,%®® may be required. In urgent settings, selective pre-emptive
revascularisation of the LSA is generally reserved for patients with strong indications,
such as those with a LIMA coronary bypass, or when the posterior cerebral
circulation is dependent on a patent left vertebral artery.5051 For more information
about LSA revascularisation, see Chapter 3.4. If necessary, primary coverage of the
CA, without revascularisation, may be acceptable in the acute setting. In selected
cases, revascularisation using a PG, or in situ and PMEG fenestration may be

considered.>1?

Recommendation 81 New

Thoracic endovascular aortic repair is recommended as the preferred treatment modality for

ruptured descending thoracic aortic aneurysm.

Class Level References ToE

I C Geisblsch et al. (2019),%° Ultee et al. (2017),4%8
Jonker et al. (2010),%*° Yamaguchi et al.

(2019),5% Kilic et al. (2014)513

Recommendation 82 New

Increased endograft oversizing should be considered in emergency endovascular repair of
ruptured descending thoracic aortic aneurysm when pre-operative imaging was obtained

during hypotension.

Class Level Reference
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lla C Consensus

7.2.2. Endovascular repair of ruptured thoraco-abdominal aortic aneurysm.
Historically, TAAAs were managed with OSR, which, despite its definitive nature, has
been associated with substantial peri-operative morbidity and mortality rates. The
highly invasive nature of the procedure, along with the requirement for
cardiopulmonary bypass and full anticoagulation, renders OSR unsuitable for most
patients presenting with ruptured TAAAs. The treatment landscape has been
markedly transformed by the advent of FBEVAR, which has expanded the
therapeutic options both for intact and ruptured TAAAS.

Few studies have focused specifically on ruptured TAAAS. In a small Swedish study
including 11 patients treated with emergency BEVAR for ruptured TAAA, the 30 day
mortality rate was 27% (three deaths).>'# More recently, a multicentre transatlantic
study including 100 patients with ruptured TAAA treated with a multibranched off the
shelf device (Zenith t-Branch; Cook Medical Inc., Bjaeverskov, Denmark) reported a
primary technical success rate of 89% and a 30 day or in hospital mortality rate of
24%.5" Additionally, a multinational study including 416 non-elective TAAA repairs
with fenestrated and branched endografts reported an early mortality rate of 17%.43°
Off the shelf multibranched stent grafts provide immediate availability, which is
critical in urgent settings; however, their applicability is limited by anatomic
constraints, preventing universal use.

In emergencies where off the shelf devices are unavailable or unsuitable, alternative
techniques such as PMEGs, in situ fenestration, and PGs offer feasible solutions.
PMEGs involve on table modification of a standard endograft to accommodate

individual anatomy and have demonstrated a technical success rate of 95% and
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early mortality rate of 10% in urgent cases, according to a recent meta-analysis.!?
PMEGs and in situ fenestration are particularly suited for type | TAAA with a narrow
aortic lumen at the level of the visceral branches or in post-dissection aneurysms,
where close apposition between the graft and aortic wall promotes sealing and
bridging stent stability.117:515 Several series have reported high technical success and
favourable early outcomes using PMEGs or in situ laser fenestration for urgent TAAA
repair in experienced centres.!17516

Although PG techniques have demonstrated acceptable technical success and short
term survival in the repair of ruptured TAAA, their use remains limited due to the
inherent risk of gutter related endoleaks and incomplete aneurysm exclusion.>t’

SCI remains a major complication after acute endovascular TAAA repair, with
reported rates ranging from 20 — 30%.°7:514 This is largely attributable to
haemodynamic instability at presentation and the need for extensive, non-staged
aortic coverage in emergency situations. In selected haemodynamically stable
patients with contained rupture and a high anticipated risk of SCI, a staged repair

over a short interval, to reduce the risk of SCI, has been suggested.14°

Recommendation 83 New

Endovascular repair using off the shelf branched stent grafts, physician modified
endografts, or in situ fenestration techniques should be considered the preferred treatment

modality for ruptured thoraco-abdominal aortic aneurysms.

Class Level Reference

lla C Consensus
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7.2.3. Endovascular repair of ruptured chronic dissection aortic aneurysm.
Endovascular repair of ruptured descending or thoraco-abdominal chronic dissection
aortic aneurysm presents specific technical challenges. When the dissection is
limited to the thoracic aorta, TEVAR typically aims to achieve proximal and distal
sealing within non-dissected segments. However, in cases involving thoraco-
abdominal dissection with rupture of a post-dissection thoracic aneurysm, adequate
sealing may be more difficult to achieve.

In selected patients, TEVAR targeting the primary entry tear and all significant
secondary entry tears in the DTA may be sufficient to control the rupture. In other
cases, more extensive coverage, from the LSA to the CA, may be preferred to
promote aortic remodelling and reduce the likelihood of future re-interventions.5%8
Adjunctive techniques such as FL coiling or occlusion plugs may be required to
prevent retrograde flow into the FL and continued pressurisation of a ruptured DTAA
in the setting of chronic dissection.>® FL occlusion can reduce the risk of backflow
from distal re-entry tears and is achievable using dedicated FL occluder plugs, which
may be commercially available or physician modified from standard stent grafts. An
alternative approach is the Knickerbocker technique, which involves intentional
rupture of the dissection membrane within the distal thoracic aorta, allowing the stent
graft to expand and seal against the outer wall of the FL to prevent retrograde
perfusion.®2° Both occluder plug techniques and the Knickerbocker method have
been successfully applied in the treatment of chronic dissection related DTAA.5%!
The use of TES has recently been described as a technique to disrupt the dissection
lamella during endovascular repair of chronic post-dissection aneurysms, enabling

the creation of suitable LZs. TES may be particularly useful in the management of
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ruptured chronic thoraco-abdominal ADs with focal aneurysmal degeneration

confined to the thoracic aorta3®* (see Chapter 5.3.3).

Recommendation 84 New

Compartmentalisation of a ruptured post-dissection thoraco-abdominal aortic aneurysm, by
false lumen occlusion techniques or focal, controlled rupture of the dissection lamella, may

be considered to enable endovascular exclusion of an isolated thoracic rupture.

Class Level Reference

Ilb C Consensus

7.3. Open surgical repair

While endovascular repair remains the primary treatment modality for ruptured DTAA
and TAAA, OSR may be appropriate in selected cases, such as patients with
unfavourable anatomy or younger individuals with genetic aortopathy.59:522523 QSR
for rupture generally follows the same principles as elective procedures, including
the use of distal perfusion strategies during aortic clamping and peri-operative
adjuncts to mitigate the risk of SCI. However, due to the emergency nature of these
cases, retrospective data indicate that techniques such as CSFD and intercostal
artery re-implantation are used less frequently.5?*

Data suggest that OSR for ruptured DTAA and TAAA can be performed with
acceptable short term outcomes in experienced high volume centres, with operative
mortality rates ranging between 20% and 40%.599:502525 For selected patients with

TAAA, hybrid repair, combining visceral debranching with thoracic stent grafting,
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may be considered. However, published outcomes indicate that this technique is

associated with a high complication rate.464

Recommendation 85 New

Open surgical repair may be considered in selected patients with a ruptured descending

thoracic or thoraco-abdominal aortic aneurysm when endovascular repair is not feasible.

Class Level Reference

1lb C Consensus

7.4. Early post-operative complications

Important post-operative complications after ruptured DTAA repair include
respiratory failure (2 — 33% after endovascular repair vs. 13 —43% after OSR), renal
failure (4 —22% vs. 3—-25%), stroke (2—-11% vs. 5-15%), and paraplegia (2—-10%
Vvs. 5— 16%)_488,493,524,526,527

Two complications that warrant specific attention are: (1) respiratory failure
associated with haemothorax secondary to aortic rupture; and (2) SCI, resulting from
the combination of hypotensive shock and loss of intercostal arteries during
emergency DTAA repair.

Limited data suggest that early haemothorax drainage following TEVAR for ruptured
DTAA may improve respiratory outcomes.>?¢52° The timing must carefully balance
the risk of endoleak related bleeding against the potential for respiratory compromise
due to retained haemothorax. Early multiphase CTA can be valuable to exclude
significant endoleak before chest decompression. While percutaneous drainage is

often sufficient, video assisted thoracoscopic surgery (VATS) should be considered
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in cases with organised haematoma or inadequate percutaneous evacuation.
Although the ESVS guidelines on vascular graft infections do not specifically address
prophylactic antibiotic use for haemothorax drainage in the setting of ruptured DTAA
treated with TEVAR, it is considered prudent to administer prophylactic antibiotics,
given the potential risk of direct communication between the skin and the stent graft
via the rupture site.®

The risk of SCI after ruptured DTAA repair is significantly higher than after intact
DTAA repair.>3° In the emergency setting of rupture, prophylactic CSFD is often not
feasible. Nevertheless, established post-operative protocols, such as early
neurological assessment using a wake up test in sedated patients, can facilitate
timely recognition of SCI. This enables prompt initiation of adjunctive measures,
including CSFD, revascularisation of important collaterals, and haemodynamic
optimisation to support spinal perfusion and potentially reverse neurological

deficits.1?7:531 For more information on SCI, see Chapter 3.5.

Recommendation 86 New

Haemothorax drainage may be considered after endovascular repair of a ruptured

descending thoracic aorta once the patient is haemodynamically stable.

Class Level Reference
1lb C Consensus
Recommendation 87 New
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Video assisted thoracoscopic decompression of haemothorax should be considered for
organised haematoma or inadequate percutaneous drainage cases after endovascular

ruptured descending thoracic aorta repair.

Class Level Reference

lla C Consensus

8. BLUNT THORACIC AORTIC INJURY

BTAI most commonly results from sudden deceleration associated with high energy
mechanisms, such as motor vehicle collisions, falls from heights, or automobile
pedestrian, or bicycle accidents.532533 |n the setting of war or terrorism, the incidence
of BTAI depends on the mechanism of injury, with high energy explosives being
more likely to cause BTAI. BTAI remains a leading cause of death following blunt
trauma. Recent data indicate that 79% of patients with BTAI die at the scene or
during transport. Among those who survive to hospital admission, in hospital
mortality ranges from 19 — 31% primarily due to associated extra-aortic injuries.53453%
Overall mortality from BTAI approaches 85%. Advances in pre-hospital care, earlier
diagnosis, and rapid intervention have increased the likelihood of successful repair in
patients who survive the initial trauma.

The aortic isthmus is the most frequently affected site, accounting for approximately
80—90% of BTAls in patients who reach hospital alive.>3¢ Other segments of the
thoracic aorta are involved less commonly.>3” The mechanism of injury in BTAI
involves a combination of shear, torsion, stretch, and hydrostatic forces. These
forces typically act together and are attributed to the differential mobility between the

relatively fixed DTA and the more mobile aortic arch.53” The resulting aortic injury

162



may be partial or circumferential. In cases where complete transection and rupture
do not occur, the damage often begins with disruption of the intima and media
layers, with the potential for progressive extension into the adventitia over time.53’
Several classification systems for BTAI have been proposed and are summarised in
Table 9.2°38539 The most recent ESVS classification closely aligns with the North
American SVS and Harborview classifications. To facilitate consistency in data
reporting and clinical decision making across vascular trauma studies, use of the
ESVS classification (Fig. 9) is recommended. Given that patients with BTAI often
present with multiple concomitant injuries, the use of injury severity scoring systems
is essential for risk stratification, outcome comparison, and standardised reporting.
The Injury Severity Score (ISS) is the most widely used and internationally accepted

tool for this purpose.532:533

Table 9. European Society for Vascular Surgery (ESVS), North American Society for Vascular

Surgery (SVS), and Harborview classifications of blunt thoracic aortic injury.

ESVS? SVvS538 Harborview®2®
Grade Injury Grade Injury Grade Injury
1 Partial wall injury I Intimal tear Minimal No external contour
Normal external wall |l Intramural abnormality
contour haematoma Intimal tear and or

thrombus is <10 mm

2 Complete wall injury 11l Pseudoaneurys  Moderate External contour
Abnormal external m abnormality or intimal
wall contour tear >10 mm

Contained bleeding
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3 Complete wall injury 1V Rupture Severe Active extravasation
Uncontained LSA haematoma >15 mm

haemorrhage

LSA = left subclavian artery.

The clinical presentation of BTAI ranges from asymptomatic to severe, including
chest pain, back pain, and shortness of breath. On physical examination, findings
may include signs of chest wall trauma, a systolic murmur, pseudocoarctation
syndrome, or neurological deficits such as paraplegia. Risk assessment begins with
a high index of suspicion, primarily based on the mechanism of injury. High risk
scenarios include high energy blunt trauma and absence of seatbelt or airbag use in
motor vehicle accidents. Presence of associated thoracic or abdominal injuries
further raises the suspicion of BTAI.533

CTA is the recommended imaging modality for the evaluation of suspected BTAI.>40
It is fast, widely available, and highly reproducible, with a sensitivity and specificity
approaching 100% for the detection of BTAI. In addition to its diagnostic accuracy for
vascular injury, CTA is also well suited for comprehensive assessment of concurrent
non-arterial injuries, including trauma to the brain, spine, pelvis, spleen, liver, and
kidneys, making it the preferred imaging modality in trauma patients. CTA findings
suggestive of BTAI include mediastinal haematoma, haemothorax, localised
dissection with a double lumen, pseudoaneurysm formation, aortic wall contour
irregularity, and the presence of an intimal flap or intraluminal thrombus.532 Caution
is warranted when interpreting aortic diameter measurements on acute CTA,
particularly in haemodynamically unstable patients, as it may lead to underestimation
of the true luminal diameter.>*! Furthermore, if the CTA is not ECG gated, aortic

dimensions may vary substantially throughout the cardiac cycle. This is especially
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relevant in young patients with BTAI who typically have a healthy and compliant
aortic wall. In such cases, aortic pulsatile changes may result in diameter variations

of 10 — 18% between systole and diastole.>*!

8.1. Indication and timing of surgical treatment

Management of BTAI should be individualised based on the severity of the aortic
lesion and concomitant injuries, in accordance with the principles of trauma
resuscitation and damage control — treat first what Kkills first!>4?

Both prognosis and treatment strategy are strongly influenced by the grade of aortic
injury. A systematic review of 35 studies including 2 897 patients reported an aortic
related mortality rate of 1% for SVS grade | -l injuries, compared with 18% for
grades Il -1V, underscoring the prognostic significance of injury grading in guiding
treatment decisions.>*? A retrospective analysis from the VQI, including 1311
patients, found low in hospital aortic related mortality with non-operative
management in SVS grade | (2.4%) and grade Il (0.9%) injuries, supporting a
conservative approach for low grade BTAI.%#4

Therefore, ESVS grade 1 injuries (corresponding to SVS grades | and Il) should be
managed conservatively, with close clinical and imaging surveillance and optimal
medical therapy.5**546 Optimal medical therapy consists of anti-impulse control,
targeting a SBP of 90— 110 mmHg and a heart rate < 100 bpm, to reduce aortic wall
stress and promote stabilisation of the lesion.>*%%47 For patients managed
conservatively, disease progression should be evaluated with a follow up CTA
performed 48 — 72 hours after admission.

In cases of concomitant BTAI and traumatic brain injury, early TEVAR has been a

subject of debate. A retrospective single centre study found early TEVAR (<24
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hours) was associated with worsening brain injury and poorer aortic related
outcomes.>*® However, more recent data from the Aortic Trauma Foundation
contradicted these findings, showing that neurological and aortic outcomes were not
significantly affected by the timing of TEVAR, thereby supporting an individualised
approach based on clinical factors such as haemodynamic stability and the severity
of associated injuries.>*°

In the setting of severe traumatic brain injury, where standard anti-impulse therapy
for BTAI, such as strict blood pressure control, may compromise cerebral perfusion,
TEVAR may be considered even for ESVS grade 1 lesions to enable maintenance of
higher cerebral perfusion pressures without increasing the risk of aortic injury
progression.

Surgical repair is indicated for ESVS grade 2 injuries (corresponding to SVS grade
l11); however, the optimal timing of intervention remains controversial and should be
guided by the presence of concomitant injuries, patient stability, and anatomic
characteristics.

While immediate repair was previously considered the standard of care, more recent
evidence suggests that delayed intervention may be associated with reduced
morbidity and mortality rates.55%-552 Delaying repair allows for haemodynamic
stabilisation and prioritisation of other life threatening injuries, supporting a more
individualised, staged approach. A systematic review and meta-analysis published
by the Eastern Association for the Surgery of Trauma in 2015 suggested that
delaying aortic repair may be beneficial, particularly in patients with serious
concomitant injuries, provided that effective blood pressure control is maintained in
the interim.5°% However, a key limitation of the available evidence is that most studies

supporting delayed intervention did not stratify outcomes based on the grade of
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aortic injury. A recent observational study demonstrated that, after propensity score
matching, a delayed approach to repair, compared with immediate intervention, was
associated with a lower in hospital mortality rate, shorter overall hospital and ICU
length of stay, and fewer days on a ventilator. These findings support the importance
of individualised assessment in patients with ESVS grade 2 (SVS grade IlI)
injuries.>s3

Clinical and anatomic high risk features of a more severe injury include left sided
haemothorax, large mediastinal haematoma, aortic coarctation, large
pseudoaneurysm, hypotension (SBP <90 mmHg), and associated traumatic brain
injury.5%4-55% Accordingly, for ESVS grade 2 injuries with high risk features, urgent
endovascular aortic repair (< 24 hours) is recommended, as delaying intervention
may increase the risk of aortic rupture and death. Conversely, in the absence of high
risk features, a delayed repair (> 24 hours) with close monitoring may be considered
to allow for stabilisation and treatment of other life threatening injuries. However, if
no other serious concomitant injuries are present, there is little justification for

postponing surgical repair.

Immediate surgical repair is recommended for ESVS grade 3 injuries (corresponding

to SVS grade [V).550:552

Recommendation 88 New

Non-operative management, with blood pressure control and follow up imaging to assess
lesion stability, is recommended for ESVS grade 1 blunt thoracic aortic injury without

concomitant traumatic brain injury.
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Class

Level

References ToE

Jacob-Brassard et al. (2019),%%° Soong et al.
(2019),5* Yadavalli et al. (2023),>** Golestani et

al. (2024),5%° De Freitas et al. (2024)54¢

Recommendation 89

New

Thoracic endovascular aortic repair may be considered for ESVS grade 1 blunt thoracic
aortic injury and presence of concomitant traumatic brain injury to permit higher cerebral

perfusion pressures when strict blood pressure control is not feasible.

Class

Level

Reference

IIb

Consensus

Recommendation 90

Changed

Delayed thoracic endovascular aortic repair (> 24 hours) should be considered for ESVS

grade 2 blunt traumatic aortic injury without high risk features”.

Class

Level

References ToE

lla

Jacob-Brassard et al. (2019),54° Soong et al.
(2019),5*3 Fox et al. (2015),5%° Marcaccio et al.
(2018),%52 Romijn et al. (2023),5°2 Starnes et al.

(2012),%58 Yadavalli et al. (2024)°6°

" Left haemothorax, large mediastinal haematomas, aortic coarctation, large pseudoaneurysms,

hypotension (systolic blood pressure <90 mmHg), and associated traumatic brain injury.
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Recommendation 91 Changed

Urgent thoracic endovascular aortic repair (< 24 hours) is recommended for ESVS grade 2

blunt traumatic aortic injury presenting with high risk features”.

Class Level References ToE

I C Jacob-Brassard et al. (2019),%*° Soong et al.
(2019),5* Fox et al. (2015),%°° Romijn et al.
(2023),%53 Starnes et al. (2012),%58 Yadavalli et

al. (2024)560

* Left haemothorax, large mediastinal haematomas, aortic coarctation, large pseudoaneurysms,

hypotension (systolic blood pressure <90 mmHg), and associated traumatic brain injury.

Recommendation 92 Unchanged

Immediate thoracic endovascular aortic repair is recommended for ESVS grade 3 blunt

thoracic aortic injury.

Class Level References ToE

I C Jacob-Brassard et al. (2019),%4° Soong et al.

(2019),%* Fox et al. (2015)5°°

8.2. Endovascular repair

Endovascular repair is associated with significantly better early outcomes than OSR
in patients with BTAI.%61.562 Hence, TEVAR is recommended as the first line
treatment for BTAI,%%2 while OSR is reserved for young patients with unsuitable aortic

anatomy.5%4
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A systematic review of 74 studies involving 1 882 patients with BTAI treated
endovascularly reported an early (30 day or in hospital) mortality rate of 7.5%, which
correlated with trauma severity as assessed by the ISS. Primary technical success
was achieved in 98.4% of cases, with an endograft related early mortality rate of
0.8%. The rates of paraplegia and stroke were 0.4% and 1.5%, respectively. LSA
coverage was required in 39.6% of cases, while pre-emptive revascularisation was
performed in only 4.3%. Post-operative symptoms following LSA coverage occurred
in 5.3% of patients, primarily presenting as left upper limb ischaemia (4%) or
subclavian steal syndrome (0.8%). The stroke rate did not differ significantly between
patients with LSA coverage (2.0%) and those without (1.3%) (for detailed guidance
on LSA coverage management, see Chapter 4). After a mean follow up of 3.0 years,
major stent graft related complications, including significant endoleak, endograft
collapse, or graft infection requiring conversion to OSR with explantation, occurred in
6.9% of patients, with a 1% procedure related mortality rate.>®> An international
registry study, including non-selected data from 1 108 real world patients across 13
countries, similarly demonstrated a correlation between death and the severity of
aortic injury.?® A recent meta-analysis also confirmed high technical success rates,
low cerebrovascular morbidity and mortality, and low midterm re-intervention
rates.*38

Although long term outcome data are limited, available evidence suggests low rates
of device related complications and death and a low rate of re-intervention.56:567 |n a
recent Swedish observational study, including 95 patients who underwent
endovascular repair for BTAI at four tertiary trauma referral centres, the estimated
overall survival was 57% at 15 years follow up. Aortic re-intervention (re-stenting,

coiling, or explantation) was performed in 14 patients (16%), six of whom underwent
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stent graft explantation. Seven of the 14 patients (50%) who underwent aortic re-
intervention presented with symptoms, and six had a device related complication. All
complications that required aortic re-intervention were diagnosed within 18 months of
the index procedure.>®

Several approved devices are available and may be used for this purpose.568-570
Optimal endograft oversizing in BTAI remains controversial due to several factors.
Hypotension at the time of imaging may lead to underestimation of aortic diameter,
resulting in inadvertent undersizing of the endograft and an increased risk of
migration, endoleak, or device collapse following haemodynamic stabilisation.550-552
Conversely, excessive oversizing (> 20%) has also been associated with an
increased risk of endograft collapse, particularly when based on pre-operative CTA
measurements obtained under normotensive conditions.>’* To balance these risks,
an endograft oversizing range of 10 —20% is usually appropriate, with the higher end
of the range applied in patients experiencing hypovolaemic shock at the time of
imaging.5’2573 See also Chapter 7 on DTAA and TAAA rupture. The small, angulated
aorta seen in these often very young patients increases the risk of bird’s beak and
graft collapse. Newer generation endografts with improved flexibility and smaller
profiles may help mitigate this issue.

Certain clinical scenarios pose significant technical challenges; in paediatric patients,
no dedicated thoracic stent grafts are currently available with lengths shorter than

10 cm or diameters less than 21 mm. As an alternative, the use of covered balloon
expandable stents has been described; these devices can accommodate smaller
aortic diameters and allow for subsequent re-dilation to match somatic growth.>"#
Another challenging context involves young patients who frequently present with an

acutely angulated (“gothic”) aortic arch. This anatomic configuration increases the
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risk of proximal stent graft malapposition (bird beaking), which may predispose to
type | endoleak and late stent graft collapse.568-570

Systemic heparinisation during TEVAR may be contraindicated in the setting of
associated injuries, particularly traumatic brain injury. A retrospective analysis of 77
patients subjected to TEVAR under full, low dose, and no intra-operative systemic
heparinisation demonstrated no clear benefit from heparin use in this context; in fact,
omission of heparin was associated with shorter procedure times and a favourable
safety profile in trauma patients.>’® Therefore, the decision to administer intra-
operative systemic heparin should be individualised, taking into account the risk of
bleeding, potential for thromboembolic events, and the severity of concomitant

cerebral injury.

Recommendation 93 Unchanged

Thoracic endovascular aortic repair is recommended as the first line treatment for blunt

thoracic aortic injury.

Class Level References ToE

I C Mill et al. (2025),%%®> Demetriades et al. (2008),55*
Tang et al. (2008),%62 van der Zee et al.
(2019),%° Gennai et al. (2023),5%¢ Takagi et al.

(2008)576

Recommendation 94 New
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Systemic heparinisation during thoracic endovascular aortic repair for blunt traumatic aortic
injury should be considered individualised, taking into account the risk of bleeding,

thromboembolic complications, and the severity of any associated traumatic brain injury.

Class Level Reference
lla C Consensus
Recommendation 95 New

Moderate stent graft oversizing should be considered in emergency endovascular repair of

blunt thoracic aortic injury when pre-operative imaging was obtained during hypotension.

Class Level References ToE

lla C Jonker et al. (2010),*° Garcia Reyes et al.

(2018),°* Muhs et al. (2007)%72

8.3. Open surgical repair

Given the superior outcomes associated with TEVAR, OSR is reserved for selected
patients with anatomies unsuitable for endovascular treatment. OSR involves a left
thoracotomy, single lung ventilation, and direct repair or replacement of the injured
aortic segment with a synthetic graft.>’” The traditional clamp and sew technique,
performed without distal organ perfusion, is associated with high mortality and
paraplegia rates and is therefore generally discouraged. Instead, distal aortic
perfusion techniques, such as partial cardiopulmonary bypass, are used during OSR

for BTAI, as these strategies have been shown to reduce the risk of SCI.%>77
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8.4. Follow up

Surveillance should include monitoring for potential graft related complications such
as endoleak, stent graft migration, re-stenosis (which may present as
“pseudocoarctation”), thrombus formation, and stent induced dissection.>8579 The
implantation of a rigid endograft alters the biomechanical properties of the aorta,
which may, over time, lead to systemic cardiovascular effects.>8%-%82 |ncreased aortic
stiffness has been associated with elevated blood pressure and may contribute to
progressive aortic and cardiac damage, underscoring the need for active screening
and appropriate management.>®1582 Finally, 2 — 8% of patients with initially
unrecognised BTAI may develop a chronic post-traumatic pseudoaneurysm during
follow up.583

To reduce cumulative radiation exposure, particularly relevant in younger patients,
MRI should be considered as an alternative to CTA whenever clinically feasible.
Aortic endografts, including those made with stainless steel, are considered MRI
conditional. However, stainless steel stents cause significant artefacts on MRI owing
to their ferromagnetic properties. These artefacts can appear as signal voids or
distortions, making it difficult or impossible to assess the stent graft and the
surrounding tissues. For some patients, particularly those with stainless steel stents
and a need for detailed post-operative surveillance, CTA might therefore be
preferred due to its lower susceptibility to artefacts.

Serial follow up imaging is recommended for conservatively managed BTAI (i.e.,
without endovascular stent graft repair) until aortic remodelling is confirmed. A
suggested follow up schedule includes imaging 48 — 72 hours after admission and at
one week, one month, 12 months, and annually thereafter (Fig. 10), ideally using

MRA to avoid cumulative radiation exposure.
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Following endovascular stent graft repair of BTAI, follow up imaging is recommended
at one month, one year, and annually thereafter for a minimum of five years, followed

by continued imaging follow up every five to ten years for life (Fig. 10).4%:535578

Recommendation 96 New

Continued medical therapy with anti-impulse treatment and serial imaging until aortic

remodelling is recommended for patients with blunt thoracic aortic injuries managed non-

operatively.

Class Level Reference

| C Consensus

Recommendation 97 New

After endovascular stent graft repair of blunt thoracic aortic injury, follow up imaging is
recommended at one month, one year, and annually thereafter for a minimum of five years,

followed by continued imaging follow up every five to ten years for life.

Class Level Reference

| C Consensus

Recommendation 98 New

Magnetic resonance angiography should be considered the preferred imaging modality for

long term surveillance after blunt thoracic aortic injury, whenever feasible.

Class Level Reference
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lla C Consensus

9. POST-OPERATIVE COMPLICATIONS

All patients undergoing DTA and TAbdAo repair, whether open or endovascular, are
at risk of both long term complications of the repair and or progression of residual
aortic pathology, which warrants lifelong follow up.

Complications following OSR include graft infection and anastomotic
pseudoaneurysm. Additionally, progressive aneurysmal degeneration of adjacent or
remote aortic segments is also common. After endovascular repair, patients face
risks such as RTAAD, endoleaks, dSINE, malperfusion, endograft migration, fracture
collapse (i.e., bird beak configuration), endograft infection, and bridging stent graft or
target vessel instability (i.e., kinking, stenosis, and occlusion), as well as aortic
dilation and dissection progression. These events often require re-intervention and
may adversely impact long term survival.203:584.585

Therefore, a structured surveillance programme is essential. As no standardised
protocol has proven superior, follow up should be individualised based on patient
factors, aortic pathology, treatment modality, and interim findings.

CT is generally the preferred imaging modality. Baseline CTA for follow up should
include three phases: (1) a non-contrast phase to distinguish calcifications from
endoleaks; (2) an arterial phase to detect early or direct endoleaks; and (3) a venous
or delayed phase to identify delayed endoleaks and signs of malperfusion. Additional

imaging techniques may be required for clarification of specific findings.
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9.1. Endoleaks

Endoleaks are common after complex EVAR, observed in 10 —20% during follow
up.86:586 They represent an important concern, requiring close surveillance and
management owing to the risk of aneurysm expansion and rupture.

Endoleaks are classified into five types (Fig. 11):8 type | endoleak is a leak at the
proximal (la) or distal (Ib) attachment of the main aortic stent graft, or at side branch
attachment (Ic); type Il endoleak is a retrograde leak from branch vessels, such as
lumbar arteries or the inferior mesenteric artery, into the aneurysm sac; type Ill
endoleak is a leak in the connection between aortic stent graft components (lla),
due to a defect in the graft fabric (lllb), or in the attachment of aortic side branches or
between side branch components (llic); type IV endoleak, related to endograft
porosity; and type V endoleak, caused by endotension.

Temporally, a distinction is made between primary endoleaks present at the time of
the procedure, and secondary endoleaks that develop during follow up.

Retrograde FL perfusion via aortic branches or distal entry tears beyond the
endograft should not be classified as endoleaks. Additionally, FL re-perfusion caused
by membrane rupture at the distal graft edge should be described as dSINE, not as
an endoleak.58’

CTA is the primary imaging modality for detecting and characterising endoleaks,
especially types | and Ill, and often type Il. Accurate characterisation (type and
source) is critical for guiding management. Duplex ultrasound (DUS), especially
when enhanced with contrast (contrast enhanced ultrasound [CEUS]), can
complement CTA in follow up of repairs involving the abdominal aorta and its

branches.
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CEUS improves DUS sensitivity (up to 0.98) but may slightly reduce specificity (to
0.88). CEUS has shown superior sensitivity over CTA for detecting endoleaks and
identifying their source and type. However, ultrasound contrast agents (e.g.,
perfluorocarbon, sulphur hexafluoride) are contraindicated in patients with unstable
angina, recent acute coronary syndrome, or severe pulmonary hypertension.189.588
Meta-analyses suggest that CEUS has a pooled sensitivity and specificity of 0.94
and 0.93, respectively, for all endoleaks, and 0.97 and 1.00 for types | and Ill. While
DUS and MRI may detect type Il endoleaks more sensitively than CTA, they offer no
advantage for types | and Ill. In contrast, CEUS has demonstrated equivalence to
CTA, outperforming DUS in identifying clinically significant endoleaks requiring re-
intervention,>89-591

Dynamic (time resolved) CTA is useful when endoleak origin or classification is
uncertain, as it helps differentiate between direct (types I and IIl) and type Il
endoleaks. However, standardised protocols are lacking, and further validation is

needed.

9.1.1. Direct endoleaks. Type | and Il endoleaks involve persistent pressurisation
of the aneurysm sac and are associated with sac expansion and rupture, warranting
close surveillance and often prompt intervention.58¢

Type | endoleaks result from inadequate sealing at the proximal (type la; 0.2 —10%)
or distal (type Ib; up to 6.6%) LZs.586:592 A common cause of type la endoleak is the
bird beak configuration (graft malapposition due to insufficient conformability and
hostile aortic anatomy), present in up to 44% of TEVARS.584593 Computational
models have identified both diameter and curvature mismatch as key contributors.>%

Short proximal LZs, multiple components, and arch involvement are also risk factors.
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Progressive aortic dilation may lead to delayed type | endoleak, emphasising the
need for surveillance and early re-intervention in cases with compromised sealing
zones.>%

Type Il endoleaks, caused by component separation or fabric disruption, may affect
up to 11% of patients and account for 80% of all endoleaks. They commonly occur at
mesenteric vessels, particularly the CA or superior mesenteric artery, especially
where multiple bridging stents are used or in directional branches. Renal artery
involvement is rare.5%:597

Management options are largely based on case series and include endovascular
techniques such as ballooning and or stent graft extension or relining. Treatment
must be individualised, and in complex cases hybrid or OSR may be required.586.598
3D-CTA based analysis may aid in identifying underlying mechanisms and guiding

targeted intervention.5%°

9.1.2. Indirect endoleaks. Type Il endoleaks, caused by retrograde flow from patent
aortic branches within the aneurysm sac, occur in 3.3 —8.7% of TEVAR patients and
6 — 29% of those undergoing complex endovascular repair. While often benign, up to
30% require intervention, and as many as 20% may be associated with aneurysm
related death following secondary rupture.899.601 After TEVAR, the LSA (43%),
intercostal and bronchial vessels (43%), and visceral arteries (13%) are the most
common sources, with subclavian related type Il endoleaks having higher re-
intervention rates. The timing of onset is relevant: early type Il endoleaks (< one
year) resolve spontaneously in about 75% of cases, while late type Il endoleaks

(> one year) resolve in only about 29% and more often require embolisation (55% vs.
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8%).592 Persistent type Il endoleaks (> six months) are linked to older age, large
collateral vessels, internal iliac artery occlusion, and distal graft extensions.
Although specific thresholds are lacking, intervention is justified for aneurysm sac
growth > 10 mm, which can be attributed to type Il endoleak and provided alternative
causes including type | or Il endoleaks have been excluded, similar to the ESVS
2024 clinical practice guidelines for AAAs.2 Treatment options include endovascular
embolisation (via transarterial or direct sac puncture) or surgical ligation (open,
laparoscopic, or VATS).591 The choice of approach should be individualised based
on anatomy and centre expertise.

Type IV and V endoleaks are rare with modern stent graft designs. If persistent and
or associated with significant sac growth, efforts should be made to rule out other

sources of endoleak or low grade endograft infection.6%3

Recommendation 99 Changed

Direct (type | and 1ll) endoleak after thoracic or thoraco-abdominal endovascular repair

should be considered for re-intervention.

Class Level Reference
lla C Consensus
Recommendation 100 New

Compromised or inadequate landing zones without visible endoleak after thoracic or
thoraco-abdominal endovascular repair may be considered for re-intervention to improve

seal.
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Class Level Reference

Ilb C Consensus

Recommendation 101 New

Type Il endoleak after thoracic or thoraco-abdominal endovascular aortic repair may be
considered for re-intervention in the presence of significant (= 1.0 cm) aneurysm sac growth,

after ruling out type | and Il endoleaks.

Class Level Reference

b C Consensus

9.2. Distal stent graft induced new entry

dSINE is an increasingly recognised complication after TEVAR for chronic AD and
refers to a new intimal tear at the distal end of a thoracic endograft, allowing re-entry
into the FL and leading to FL pressurisation and aneurysm progression (Fig. 12).
The reported incidence of dSINE originates from retrospective, single centre case
series and varies substantially, up to 18%. In a systematic review that analysed 17
studies assessing the data of 3 962 patients, the pooled proportion of dSINE in
TBAD cases treated with TEVAR was 10%. The chronicity of TBAD and excessive
distal oversizing ratio were demonstrated to be positively associated with dSINE with
odds ratios of 2.25 and 2.06, respectively. Endografts with connecting bars were also
positively associated with dSINE, but this lacked statistical significance.®%* Aortic wall
fragility has been suggested as a risk factor for dSINE, with a reported incidence of

63% in patients with MFS vs. 27% in non-genetic aortopathy patients with AD.6%5

181



Other reported risk factors are hostile distal sealing zone morphology, with the
elastic recoll (spring back) of straight thoracic endografts landed in a curved and
sometimes tortuous aorta, which may generate significant biomechanical stress
along the outer curve of the distal LZ.606:607

dSINE should be considered for re-intervention, especially in cases of FL reperfusion
with new onset of symptoms, sac expansion, malperfusion, or contained rupture.
Treatment typically involves distal endograft extension to seal the new entry and

promote FL thrombosis.808.60°

Recommendation 102 New

Distal stent graft induced new entry should be considered for re-intervention with distal

endograft extension to seal the defect.

Class Level Reference

lla C Consensus

10. MISCELLANEOQOUS

10.1. Genetic aortopathy

Heritable thoracic aortic disease (HTAD) refers to a clinically and genetically
heterogeneous group of inherited disorders characterised by aneurysm or dissection
of the thoracic aorta. HTAD includes familial forms, confirmed genetic conditions
(familial or sporadic), and syndromes associated with increased thoracic aortic risk.
Clinically, HTADs are classified as syndromic or non-syndromic. Genetic aortic

syndrome is sometimes used synonymously with HTAD, but more often refers to the
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syndromic subset of HTAD. Genetic aortopathy is a broader term encompassing
both hereditary and non-hereditary genetic diseases that predispose individuals to
aortic problems such as aneurysms and dissections. Thus, every HTAD is a form of
genetic aortopathy, but not every genetic aortopathy is HTAD.

This chapter discusses a selection of the most common genetic aortopathies, such
as MFS, LDS, vEDS, and non-syndromic familial thoracic aortic disease.

Due to their rarity, evidence is limited for many clinical scenarios, such as treatment
thresholds, surgical approach, endovascular vs. OSR, and pregnancy management.
Given the diagnostic complexity, variable progression, and treatment response, an
individualised approach is essential. Referral to a multidisciplinary aortic team at a
specialised centre is recommended for patients with suspected genetic aortopathy.
Young patients (< 60 years) with thoracic aortic pathology and those with a positive
family history of aneurysm or dissection or with physical features associated with
monogenetic syndromes (loose skin, joint hypermobility, multiple or atypical
aneurysms) should undergo genetic counselling and genetic testing to guide

management and identify at risk family members.610

10.1.1. Marfan syndrome. MFS, a heritable disorder caused by mutations in the
fibrillin-1 (FBN1) gene on chromosome 15, has a reported prevalence of 1.5-17.2
per 100 000 individuals. It is inherited in an autosomal dominant pattern, with a 50%
transmission risk. In about 25% of cases MFS results from a de novo mutation, often
associated with a more severe phenotype.

MFS is diagnosed using clinical, imaging, and genetic criteria. The Ghent criteria,
introduced in 1996, define phenotype and genotype characteristics based on medical

history, physical examination, imaging, and genetic testing.611-612 MFS is a systemic
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disorder of variable severity, commonly affecting the heart valves and aortic root,
and is associated with an increased risk of aortic aneurysm and dissection. Beyond
the cardiovascular system, multiple organ systems are often affected, such as the
eyes and skeleton.

TAAD is the most serious complication. Aortic root diameter is the major predictor of
TAAD, with rupture risk increasing above 50 mm.®'3 Additional risk factors include
rapid aortic growth (=3 mm/year), family history of dissection at small diameter,
pregnancy, and hypertension. TBAD is also common and may occur at smaller
diameters, below standard surgical thresholds. Previous aortic root replacement or
mitral valve surgery is associated with increased risk of TBAD.

Annual TTE imaging surveillance of the aortic root and ascending aorta®'? and
periodical evaluation of the entire aorta and peripheral arteries with MRA or CTA and
DUS (every three to five years depending on disease progression) is
indicated.612.614.615

Preventive medical therapy with beta blockers and angiotensin Il receptor blockers to
reduce aortic growth and complications is standard care.516-61°

Prophylactic aortic root surgery is commonly performed at diameters =50 mm, with
earlier intervention considered in cases of rapid growth (=5 mm/year), aortic
regurgitation, or family history of dissection. Pregnancy is associated with an
increased risk of AD in women with MFS, with reported risk increases of up to
eightfold. In this context, pre-conception genetic counselling and aortic imaging are
routinely advised (see Chapter 3.2), and some guidelines suggest prophylactic root
surgery at diameters >4.0—4.5 cm in women planning pregnancy.!! Similarly,
prophylactic repair of aneurysms involving the ascending aorta, arch, descending

thoracic, or abdominal aorta is often considered at threshold diameters =50 mm.11.620
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10.1.2. Loeys-Dietz syndrome. LDS is a rare autosomal dominant disorder caused
by mutations in genes within the transforming growth factor beta (TGF-) pathway;
TGFBR1, TGFBR2, SMAD2, SMAD3, TGFB2, or TGFB3. Phenotypic variation
between genotypes is clinically relevant and influences thresholds for prophylactic
aortic intervention.519.621-623 |t is characterised by arterial tortuosity, aortic root
aneurysms, and a high risk of dissection or rupture at young age and small
diameters.52* Many patients experience premature death, frequently before 50 years
of age.®?®

Although no LDS specific trials exist, beta blockers are often used to reduce aortic
wall stress. Initial TTE with six month follow up is advised, with annual CTA or MRA
thereafter to monitor the entire aorta and peripheral vessels. Cerebral aneurysms
occur in 10— 18% of patients and require tailored surveillance.?°

Prophylactic aortic root or ascending aortic surgery is indicated at >4.0—-4.5cm,
depending on the pathogenic variant and associated risk features, such as female
sex and small body size, family history of AD, and growth rate.!! Prophylactic repair
of aneurysms involving the arch, descending thoracic, or abdominal aorta should be
considered at diameters >4.5-5.0 cm, depending on pathogenic variant, family

history of AD, and growth rate.'*¢

10.1.3. Vascular Ehlers—-Danlos syndrome. VEDS is a rare, autosomal dominant
CTD caused by mutations in the COL3A1 gene, leading to defective or reduced
collagen lll. It is characterised by fragile arteries prone to dissection or rupture,
spontaneous carotid—cavernous sinus fistula formation, spontaneous perforation of

hollow organs such as the colon and uterus, and spontaneous pneumothorax.%23
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Common features include thin, translucent skin with easy bruising, characteristic
facial appearance (thin lips and nose, small chin, prominent eyes, protruding ears
with small earlobes), and congenital club foot. While not as pronounced as in other
Ehlers—Danlos syndrome types, joint hypermobility may be present, particularly in
the distal joints.

While childhood events are rare, about 25% of individuals with VEDS experience a
major complication by age 20 years, and 80% by age 40 years.®?6-628 Median life
expectancy is around 50 years.

Patients with VEDS should be managed in tertiary aortic centres by multidisciplinary
teams including vascular surgeons, cardiologists, cardiothoracic surgeons,
geneticists, and other relevant specialists, with expertise in genetic aortopathy and
genetic family screening.6?%63° The European Reference Network on Rare
Multisystemic Vascular Diseases (VASCERN) comprises seven expert centres
across Europe dedicated to VEDS care (http://vascern.eu/).

Management focuses on preventing complications through medication and lifestyle
modifications. The randomised Beta blockers in Ehlers-Danlos Syndrome Treatment
(BBEST) trial showed that celiprolol, a 1 selective blocker with 32 agonist activity,
reduced arterial rupture risk threefold over 47 months (HR 0.36).5%! Its protective
effect has been confirmed in subsequent cohort studies.632632 A recent RCT
demonstrated that adding the angiotensin Il receptor blocker irbesartan to celiprolol
further reduced major arterial events (HR 0.42), supporting earlier cohort
findings.634635 Periodic MRI or CTA surveillance of the entire vascular tree is integral
to VEDS management,®3® and genetic screening of family members is an essential

element of care.
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Due to the extreme vascular fragility, surgical and interventional procedures in vVEDS
carry high risk. Consequently, acute arterial complications are best managed
conservatively unless life threatening. No clear diameter thresholds exist for

prophylactic aortic intervention, and decisions should be individualised.?6.636.637

10.1.4. Familial thoracic aortic disease. Familial thoracic aortic disease (FTAD)
refers to TAA or AD occurring in families (= two family members) without syndromic
features or a known CTD. It is typically inherited in an autosomal dominant pattern
and characterised by a family history of aneurysms or dissections, often presenting
at a younger age.

While most cases lack an identifiable genetic variant, pathogenic mutations have
been found in several genes, including ACTA2, FBN1, MYH11, TGFBR1, TGFBR2,
SMAD3, and MYLK. This genetic heterogeneity underscores the importance of
genetic testing and counselling in individuals with a family history of thoracic aortic
disease. Identifying causative variants enables early diagnosis, refined risk
stratification, and individualised management.1%8

First degree relatives of patients with FTAD should be considered for imaging
screening starting at age 50 years, with periodic surveillance thereafter. Secondary
prevention strategies, such as the use of ACE inhibitors, may be appropriate in early
onset FTAD.1%

Whether patients with FTAD exhibit increased arterial fragility or reduced tolerance
to endografts remains unclear. As such, no uniform treatment thresholds or preferred
modalities can be recommended. Management should be individualised, taking into
account aortic diameter, growth rate, family history, specific genotype, and clinical

urgency.
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10.1.5. Surgical treatment. OSR has traditionally been preferred in patients with
genetic aortopathies owing to concerns about endograft related complications in
fragile tissue and unknown durability.53 When performing open vascular surgery in
patients with fragile vessels, several specialised principles should be applied.

(1) Gentle tissue handling. Use fine, atraumatic instruments and avoid excessive
traction. Limit direct clamping on the vessel wall, and if needed use atraumatic soft
vascular clamps and broad vessel loops. Instruct the assistant on maintaining
steady, gentle tension, avoiding any sudden pulling. Ensure the needle enters the
vessel at the correct angle, and rotate it smoothly during passage to minimise
trauma. The parachute technique may be unsuitable in severe vascular fragility
cases, as tightening can create a cheese wire effect; instead, single sutures are
preferred.

(2) Anastomotic reinforcement. Reinforce suture lines with pledgets, felt, or Teflon
strips to prevent dehiscence. Wrapping the anastomosis with synthetic (e.g., Dacron)
or biological materials (e.g., pericardium) and applying tissue glue can further
support the anastomosis.

(3) Tension free anastomosis and suture line. Ensure adequate vessel mobilisation
to avoid anastomotic tension, which lowers the risk of tearing. Patching vascular
defects, such as after large bore access, rather than direct suturing is advised.
Creating deliberately ugly, staggered suture lines instead of nice linear suture lines
reduces the risk of suture line tears.

Nevertheless, OSR for DTA and TAbdAo pathologies is highly invasive and carries
substantial peri-operative risk. Consequently, there is increasing use of endovascular

repair in high risk patients, redo procedures, and acute settings such as rupture or
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dissection. However, available data on surgical treatment methods are limited to
mainly heterogeneous retrospective case series with short follow up, and direct
comparative studies between OSR and EVAR are lacking.?03:639:640 Fyrthermore,
existing data do not adequately assess the impact of recent advances in
endovascular technology.

Reported outcomes of TEVAR in patients with genetic aortopathies vary widely and
are influenced by device characteristics, such as uncovered proximal bare stents,
degree of stent graft oversizing, and LZ location, particularly whether landing occurs
in native or surgical grafts. Proximal LZ complications, including RTAAD, endoleak,
SINE, aneurysmal progression, and rupture, have been associated with re-
intervention rates of 14 —60% and open conversion rates up to 33%.53%-644 pProximal
and distal landing of endografts in a surgical Dacron graft is generally considered
safe and should be pursued if possible.1?8639 |n the context of type B dissection,
proximal landing in Ishimaru zone 2 is associated with lower complication rates
compared with zone 3.637:645.646 Employing endografts designed specifically for
dissection, with lower radial force, may reduce the risk of dSINE in fragile aortic
tissue_269.606.647

In a recent retrospective multicentre study, the Endovascular Aortic Intervention in
Patients with Connective Tissue Disease (EVICTUS) trial, 171 patients (142 MFS, 17
LDS, 12 vEDS) treated endovascularly for complex aortic aneurysms and dissection
were included. Technical success was 98% and 30 day mortality rate 2.9%. Most
(80%) had had previous open aortic surgery, and 43% of the procedures involved
arch or visceral branches. At one and five years, survival was 96% and 81% for

MFS, 94% and 85% for LDS, and 75% and 44% for VEDS, respectively. After a
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median follow up of 4.7 years (range 1.9 —9.2 years), 53% required secondary
interventions, including 8.2% open conversions.?%

For large bore vascular access in patients with genetic aortopathies, percutaneous
closure devices are frequently used and appear to be safe and effective, with similar
complication rates as patients without aortopathies. In a retrospective, single centre
study of 33 patients with confirmed genetic aortopathy (including MFS n=7, LDS
n=7,vEDS n =3, and others with ACTA2, PRKG1, FOXE3, or LOX mutations)
undergoing endovascular aortic procedures with large bore (median 20 F)
percutaneous femoral access, no unplanned surgical cutdowns or access site
complications were reported.®4® However, caution is advised for patients with
extreme vascular fragility, such as vEDS, where primary surgical cutdown should be
considered.

In conclusion, available evidence suggests OSR should be considered the preferred
option for elective treatment of thoracic aortic disease in patients with genetic
aortopathies, while endovascular aortic repair should be considered when open
surgery is contraindicated, in high risk surgical candidates, in acute settings, or for

redo procedures, preferably with LZs in pre-existing surgical grafts.

Recommendation 103 New

Genetic counselling and testing are recommended in patients with thoracic aortic disease
<60 years of age, a family history of thoracic aortic disease, concomitant arterial aneurysms

or dissections, or syndromic features.

Class Level Reference

| C Consensus

190



Recommendation 104 New

Patients with suspected or confirmed genetic aortopathies are recommended for

multidisciplinary management at highly specialised aortic centres.

Class Level Reference

| C Consensus

Recommendation 105 New

Patients with genetic aortopathies should be considered for serial imaging surveillance of
the aorta and its major arterial branches with computed tomography or magnetic resonance

angiography.

Class Level Reference
lla C Consensus
Recommendation 106 Changed

Marfan syndrome patients with an aortic diameter 2 5.0 cm should be considered for

descending thoracic aortic aneurysm repair.

Class Level Reference
lla C Consensus
Recommendation 107 Changed
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Patients with Loeys—Dietz syndrome and an aortic diameter >4.5—-5.0 cm should be
considered for descending thoracic aortic aneurysm repair, taking into consideration

diameter progression rate, age, family history, and pathogenic variants.

Class Level Reference
lla C Consensus
Recommendation 108 Changed

Patients with vascular Ehlers—Danlos syndrome with descending thoracic aortic pathologies

should be considered for individualised surgical treatment decision making.

Class Level Reference
lla C Consensus
Recommendation 109 Changed

For preference, open surgical repair should be considered for elective treatment of thoracic

aortic disease in patients with genetic aortopathies.

Class Level Reference
lla C Consensus
Recommendation 110 Changed

Endovascular aortic repair should be considered in patients with genetic aortopathies when
open surgery is contraindicated, in high risk surgical candidates, in acute settings, or for

redo procedures, preferably with landing zones in pre-existing surgical grafts.
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Class Level Reference

lla C Consensus

10.2. Floating thrombus

Aortic mural thrombi are uncommon in normal or minimally diseased aortas and are
typically associated with underlying aortic pathologies such as aneurysm, dissection,
aortitis, or advanced atherosclerosis. In contrast, mobile or “floating” thrombi, often
pedunculated and projecting into the lumen®*° (Fig. 13), can develop in normal or
mildly diseased aortas and are often idiopathic, although they may be linked to
hypercoagulable states such as malignancy, heparin induced thrombocytopenia, or
antiphospholipid syndrome. Aortic thrombus is most often located in the aortic arch
or DTA.%%° The term “shaggy aorta” is a different entity and refers to a severely
diseased aortic wall, characterised by extensive atherosclerosis, ulcerations, and
thrombus formation (see Chapter 3.2).

Aortic mural thrombus carries some risk of peripheral embolisation causing stroke,
renovisceral ischaemia, and or limb ischaemia.?°%-651 Due to their mobility, floating
thrombi are considered to carry a particularly high embolic risk.

Evidence guiding the management of aortic thrombus is limited. Asymptomatic
patients are typically managed conservatively and do not require antithrombotic or
additional antiplatelet agent therapy unless otherwise indicated for another cause.
Patients with evidence of embolisation, or those at high embolic risk due to mobile
floating thrombi, should initially be considered for intensified antithrombotic medical
therapy. The antithrombotic regimen should be individualised, as the choice and

duration depend on factors such as embolic events, thrombus morphology,
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concomitant medical therapy, and bleeding risk. If medical management fails, with

recurrent embolic events, endovascular exclusion may be considered.851-655

Recommendation 111

New

the descending thoracic aorta.

Escalation of antithrombotic therapy is not indicated for asymptomatic mural thrombus in

Class

Level

Reference

llla

Consensus

Recommendation 112

New

Antithrombotic therapy should be considered for symptomatic thrombus or asymptomatic

“floating” thrombus in the descending aorta.

Class

Level

Reference

lla

Consensus

Recommendation 113

New

Endovascular intervention may be considered for symptomatic thrombus or asymptomatic

“floating” thrombus in the descending aorta when medical management is unsuccessful.

Class

Level

Reference

IIb

Consensus
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10.3. Inflammatory aortic disease (aortitis)

Inflammatory aortitis comprises large vessel vasculitis such as Takayasu arteritis
(TA) and giant cell arteritis (GCA).5%6:657 Other causes are immunoglobulin G4
related disease, systemic lupus erythematosus (SLE), rheumatoid arthritis,
sarcoidosis, Behget’s disease, granulomatosis with polyangiitis, and HLA-B27
associated spondyloarthropathies.®°8 In many cases, the aetiology remains
idiopathic.

TA, or “pulseless disease”, was first described in 1908 by the Japanese
ophthalmologist Dr Takayasu.®>® The incidence ranges from 0.4 to 2.6 per million,
and it is more prevalent in Asian populations, particularly in Japan, Southeast Asia,
India, and Mexico.6%° TA predominantly affects young women and typically presents
in the second or third decade of life. TA is believed to have an autoimmune
aetiology, with immune mediated inflammation, vascular remodelling, and endothelial
dysfunction driving disease progression. Triggered by unknown environmental or
viral stimuli, vasculitogenic T cells infiltrate the arterial adventitia and media, leading
to wall oedema (Fig. 14), extracellular matrix deposition, myofibroblast proliferation,
and acute vascular inflammation. TA typically presents in two overlapping phases:
(1) an early systemic acute phase with constitutional symptoms (fever, fatigue,
weight loss, arthralgia); and (2) a chronic phase with signs of organ specific
involvement. Hypertension is common (33 — 83%), often due to renal artery stenosis
(28 — 75%). Aortic involvement occurs in 20 — 24% of cases and includes aortic
dilation, arch branch stenosis, valve leaflet separation, and valve thickening.661:662
The diagnosis is based on a combination of clinical, laboratory, and imaging findings.

The European League Against Rheumatism (EULAR) and the American College of

195



Rheumatology (ACR) has recently proposed classification criteria for TA (Table

11)_662

Table 11. The European League Against Rheumatism (EULAR) and American College of
Rheumatology (ACR) classification criteria for Takayasu arteritis.562
Absolute requirements
Age < 60 years at time of diagnosis
Evidence of vasculitis on imaging

Additional clinical criteria

Female sex +1
Angina or ischaemic cardiac pain +2
Arm or leg claudication +2
Vascular bruit +2
Reduced pulse in upper extremity +2
Carotid artery abnormality +2
Systolic blood pressure difference in arms = 20 mmHg +1

Additional imaging criteria

Number of affected arterial territories (select one)

One arterial territory +1
Two arterial territories +2
Three or more territories +3
Symmetric involvement of paired arteries +1

Abdominal aortic involvement with renal or mesenteric involvement +3

A total score of =2 5 points is required to classify Takayasu arteritis

GCA, also known as temporal or cranial arteritis, is the most common systemic
vasculitis in the elderly, with incidence rates of 18 — 29 per 100 000 individuals over

50 years, being highest in Scandinavia and lowest in East Asia.®®® GCA is
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characterised by granulomatous inflammation of large and medium sized vessels,
typically involving cranial arteries.®® Its pathogenesis involves both innate and
adaptive immunity, with endothelial and smooth muscle cells contributing to vessel
wall inflammation. Key cytokines include interferon gamma (IFN-y) and interleukin 2
(IL-2), produced by activated T cells.863.655 Histology shows granulomatous infiltrates
within the vessel wall. GCA typically presents with headache, scalp tenderness, jaw
claudication, visual disturbances, and varying degree of constitutional symptoms.666
In addition to cranial arteries, involvement of the aorta and major branches is
increasingly recognised with modern imaging.67.668 GCA is associated with an
increased risk of vision loss, stroke, and TAA or dissection. Vascular complications
of medium sized vessels are most common within the first year, while aortic events
occur in 20— 30% of patients, often more than five years after diagnosis, and are
associated with a fivefold increase in mortality rate.®%°® The EULAR/ACR

classification criteria for GCA are shown in Table 12.663

Table 12. The European League Against Rheumatism (EULAR) and American College of

Rheumatology (ACR) classification criteria for giant cell arteritis.563

Absolute requirements
Age = 50 years at the time of diagnosis

Additional clinical criteria

Morning stiffness in shoulder and or neck +2
Sudden visual loss +3
Jaw or tongue claudication +2
New temporal headache +2
Scalp tenderness +2
Abnormal examination of the temporal artery +2
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Laboratory findings
Maximum ESR = 50 mm/hour or maximum CRP =10 mg/L +3
Biopsy and imaging findings
Positive temporal artery biopsy or halo sign on temporal artery ultrasound +5
Bilateral axillary involvement +2
FDG-PET activity throughout aorta +2

A total score of = 6 points is required to classify giant cell arteritis

ESR = erythrocyte sedimentation rate; CRP = C reactive protein; FDG-PET = fluorodeoxyglucose

positron emission tomography.

Other chronic inflammatory diseases associated with thoracic aortitis include Behcet
disease,?’9671 rheumatoid arthritis, sarcoidosis, Cogan syndrome, Kawasaki disease,
ankylosing spondylitis, SLE, and granulomatosis with polyangiitis. Cardiovascular
manifestations include aortic regurgitation, aneurysm, dissection, and stenosis,
typically affecting the aortic root. DTA involvement is rare but may progress rapidly
and rupture. In SLE, persistent inflammation despite steroid therapy may increase
the risk of AD.672

The 2022 EULAR/ACR classification criteria highlight the role of CTA, MRA, and
FDG-PET in diagnosing large vessel vasculitis.®®? CTA is the preferred modality for
detecting aortic wall inflammation, peri-aortic thickening, and adjacent organ
involvement. FDG-PET demonstrates high diagnostic accuracy, with pooled
sensitivity and specificity, respectively, of 90 —92% and 85 —98% for GCA and 81 —
87% and 74 —84% for TA.®83673 Imaging features for differentiating common

arteritides are summarised in Table 13.
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Table 13. Imaging features for Takayasu arteritis and giant cell arteritis, adopted from the

European League Against Rheumatism (EULAR) and American College of Rheumatology

(ACR).5%2
Imaging Takayasu arteritis Giant cell arteritis
modality
us o “Macaroni sign” e “Halo sign”
e “Compression sign”

Sensitivity 81% and specificity >90% Sensitivity 77% and specificity 96%

CTA Mural thickening and enhancement, late Same as Takayasu arteritis
contrast uptake

Vascular stenosis, occlusion, or ectasia

Surrounding oedema or tissue reaction

Sensitivity 100% and specificity 100% Sensitivity 84.6% and specificity 84.6%
MRA Mural thickening and enhancement Same as Takayasu arteritis (external

Vascular stenosis, occlusion, or ectasia
Surrounding oedema or tissue reaction
Carotid artery involvement (internal carotid

artery more common)

Sensitivity 100% and specificity 100%

carotid artery more common)

Sensitivity 73% and specificity 88%
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FDG-PET  Mural thickening and tracer uptake Same as Takayasu arteritis (symmetric
Vascular stenosis, occlusion, or ectasia subclavian artery with concomitant
Surrounding oedema or tissue reaction axillary artery vasculitis)
Cluster analysis of involved arteries (left
subclavian artery together with bilateral
involvement of carotid and mesenteric
arteries)
Sensitivity 90-92% and specificity 85—

Sensitivity 81-87% and specificity 74-84% 98%

US = ultrasound; CTA = computed tomography angiography; MRA = magnetic resonance

angiography; FDG-PET = fluorodeoxyglucose positron emission tomography.

The optimal management of inflammatory aortitis remains uncertain. It is
recommended that all patients are closely monitored by a multidisciplinary team,
typically involving vascular surgery, cardiothoracic surgery, vascular medicine,
rheumatology, cardiology, and radiology.674

High dose glucocorticoids (e.g., prednisone 40 — 60 mg/day) remain the standard
induction therapy for TA and GCA, achieving disease control and remission in most
cases.57676 |In TA, glucocorticoids are typically combined with a non-biological
(synthetic) disease modifying antirheumatic drug (DMARD) such as methotrexate,
sulfasalazine, hydroxychloroquine, and leflunomide, given the high relapse rates of
up to 70% associated with glucocorticoid monotherapy. Biological DMARDs (e.qg.,
tocilizumab or tumour necrosis factor [TNF] inhibitors) are considered second line
options for patients who relapse despite initial combination therapy.675677.678 |n GCA,
combining a prednisone taper with tocilizumab, an interleukin 6 (IL-6) receptor
inhibitor, has demonstrated superior rates of glucocorticoid free remission at one

year, leading to its approval as adjunctive therapy in selected patients, with
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methotrexate remaining a recommended alternative.?7%68 pPatients with TA or GCA
with involvement of the aorta and its branches often experience insidious onset and
slow progression, leading to irreversible vascular lesions despite medication therapy.
Indications for surgical treatment include uncontrolled hypertension due to renal
artery stenosis, symptomatic coronary or cerebrovascular disease, severe aortic
regurgitation, critical limb threatening ischaemia from stenotic or occlusive lesions,
and large aneurysms at risk of rupture.58!

As active inflammation is linked to increased peri-operative complication rates,
adequate pre-operative immunosuppression is essential to reduce procedural
failure.®® To minimise peri-operative risk, surgical intervention is best timed during
remission, with 18F-FDG-PET/CT recommended to assess disease activity before
treatment, 683684

Available literature on surgical treatment of inflammatory aortitis is restricted to small
case series and isolated reports across heterogeneous pathologies and vascular
territories, limiting the possibility to provide clear advice. OSR offers definitive
excision of diseased tissue with favourable midterm outcomes when performed
during remission, but carries high peri-operative morbidity and mortality rates.685686
While endovascular aortic repair is a less invasive alternative with a superior early
outcome in selected patients with well controlled inflammation, it is associated with
higher rates of persistent peri-aneurysmal fibrosis and late complications in
abdominal inflammatory aneurysms.6’# Thus, given the heterogeneous clinical
picture and lack of evidence, the choice of surgical method should be made on a
case by case basis, taking into account the urgency, anatomy, fitness, and current

inflammatory disease activity. Nonetheless, due to the surgical complexity of
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thoraco-abdominal involvement, an endovascular first strategy may be reasonable in
appropriately selected patients.

Long term follow up after surgical intervention is critical, as up to 82% of patients
develop disease related vascular complications within ten years, with nearly 50%

requiring re-intervention.%8’

Recommendation 114 New

Multidisciplinary team management is recommended for active inflammatory disease of the

aorta and or its branches.

Class Level Reference

| C Consensus

Recommendation 115 Changed

High dose glucocorticoids combined with a disease modifying antirheumatic drug are

recommended as first line treatment for active inflammation of the aorta and or its branches.

Class Level Reference

| C Consensus

Recommendation 116 Unchanged

Surgical treatment should be considered in selected patients with inflammatory arteritis of
the thoraco-abdominal aorta and its branches, taking into consideration aneurysm size,

evidence of end organ ischaemia, and inflammatory disease activity.
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Class Level Reference

lla C Consensus

Recommendation 117 New

Elective endovascular repair should be considered as the first line surgical approach for

patients with inflammatory arteritis of the thoraco-abdominal aorta.

Class Level Reference
lla C Consensus
Recommendation 118 New

Long term post-operative surveillance is recommended for patients treated for inflammatory

aortitis, given the high risk of delayed complications and disease progression.

Class Level Reference ToE

I C Espitia et al. (2023)%87

10.4. Mycotic aortic aneurysm

Mycotic aortic aneurysm, also known as infective native aortic aneurysm or
infectious aortitis, refers to infection induced degeneration of the aortic wall, leading
to aneurysm formation.®98:688.68% The incidence is estimated at up to 2% in the
Western population.®9969 |nfection may spread haematogenously, from adjacent
structures, or via septic emboli, as seen in endocarditis or advanced human

immunodeficiency virus (HIV) infection.®5%° Gram positive cocci, particularly
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Staphylococcus aureus (29% of cases), are the most common pathogens in Western
countries, while Salmonella predominates in Asia (60 — 70%). Other pathogens
include Pneumococcus, Escherichia coli, Candida, Aspergillus, Mycobacterium
tuberculosis, and Treponema pallidum, particularly in immunocompromised patients.
Cultures remain negative in 20 — 30% of cases, limiting early pathogen
identification.58°

Clinical presentation typically includes fever 2 38°C, localised pain, fatigue, sepsis, or
shock, often in the context of concurrent infection or immunosuppression. Rupture is
present in up to 25% at diagnosis.®8 Elevated inflammatory markers (C reactive
protein [CRP], leukocytes) and positive blood or tissue cultures support the
diagnosis. Blood sampling should follow endocarditis protocols, with at least three
sets (aerobic and anaerobic) from separate sites, repeated every 24 — 48 hours until
infection is controlled. If open surgery is performed, aortic tissue samples should be
collected for microbiological culture.

CTA is the imaging modality of choice for diagnosing mycotic aortic aneurysms
owing to its high availability, even in urgent settings.®8 Key findings include saccular,
multilobular, or eccentric aneurysms, peri-aortic gas, fluid, soft tissue mass, and
rapid expansion (Fig. 15).5%2 FDG-PET and white blood cell scintigraphy can aid in
identifying peri-aortic inflammation,®®® while TOE is helpful for assessing aortic root
and valve involvement.%®

Diagnosis of a mycotic aortic aneurysm is based on a combination of (1) clinical
presentation, (2) laboratory tests and microbiology, and (3) radiological findings
(Table 14). In addition, the presence of peri-aortic infection during surgery is
diagnostic.® A recent Delphi consensus statement proposed a diagnostic algorithm

for mycotic aortic aneurysm, based on a combination of the criteria, with a definite
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diagnosis when all three criteria are met and no differential diagnosis being more
probable, or when intra-operative finding of pus or abscess in the aneurysm wall, or
positive microbiological culture or histology from guided aspiration from aneurysms
with clinical suspicion of mycotic aortic aneurysm; a probable diagnosis when 2/3
criteria are met and no differential diagnosis being more probable; and not a

probable diagnosis when <2/3 criteria met.588

Table 14. Suggested diagnosis criteria for mycotic aneurysm.

Clinical Abdominal and or back pain, fever 238°C, sepsis or shock
presentation  Presence of concurrent infection or immunosuppression
Laboratory Elevated inflammatory markers such as C reactive protein, procalcitonin, or total
tests white blood cell count consistent with ongoing infection
Microbiology: blood or peri-operative aneurysm wall or peri-aortic tissue cultures
with growth of common causative pathogens. 16S ribosomal RNA polymerase
chain reaction on tissue sample from aneurysm wall to show the presence of
bacterial genome
Radiological Computed tomography angiography or magnetic resonance imaging: presence of
findings one or multiple aneurysms with morphological features (saccular, eccentric, or
multilobular) associated with mycotic abdominal aortic aneurysm, signs of peri-
aortic infection (peri-aortic mass or peri-aortic gas), and or signs of rapid
expansion
Molecular imaging: 18-fluorodeoxyglucose positron emission tomography or white
blood cell scintigraphy with evidence of increased peri-aortic inflammatory
activity or increased uptake within the aneurysm wall
Surgical Presence of peri-aortic infection

findings
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Early diagnosis, prompt administration of systemic antibiotics, and timely surgical
intervention is key in the management of mycotic aortic aneurysms. Empirical
antibiotic therapy targeting S. aureus and Gram negative rods (e.g., Salmonella spp.)
should be initiated immediately after cultures have been secured. Antibiotic therapy
should be tailored based on microbiological findings as soon as possible; if cultures
remain negative, empirical treatment should be continued. The duration of antibiotic
therapy (ranging from four to six weeks to lifelong), depends on pathogen type,
surgical approach, and patient immune status.®8° Antibiotics alone are associated
with poor outcomes and should be reserved for palliative care in patients unfit for
intervention.®8

The optimal timing of the surgery remains debated. However, due to the
unpredictable and aggressive natural course of mycotic aortic aneurysms, with rapid
expansion and high rupture rates of up to 44% at presentation, urgent repair should
be considered regardless of aneurysm size.906%4 Although some reports suggest
favourable outcomes with delayed intervention following initial systemic antibiotic
therapy, these findings may be influenced by selection bias, and delaying surgery
without strict surveillance carries significant risk due to the high potential for growth
and rupture.®%

The supporting evidence on surgical treatment of mycotic aortic aneurysms is limited
to retrospective case series and small cohorts with short follow up and is subject to
selection bias, with OSR often reserved for fitter patients and EVAR used in high risk
or anatomically challenging cases.®% No direct head to head comparative studies
between OSR and endovascular repair exists. Despite this, OSR with in situ
reconstruction using synthetic grafts or allografts, combined with extensive

debridement and prolonged antimicrobial therapy, has long been regarded as the
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gold standard for definitive and durable treatment.®°"-6%% However, OSR of mycotic
TAA or TAAA is highly invasive, requiring thoracotomy and aortic cross clamping,
and is associated with significant peri-operative morbidity and mortality, particularly
in patients with chronic kidney disease or ASA score = 3.986% Due to the high risk of
re-infection, long term antimicrobial therapy is essential.®6%” Reported five year
survival following OSR is approximately 60%.5%8

Over the past two decades, endovascular repair has been used increasingly to treat
mycotic aortic aneurysms, offering high technical success and acceptable early
outcomes, particularly in frail or unstable patients.58° While concerns persist about
leaving infected tissue in place and the risk of re-infection, endovascular treatment
avoids the trauma of open surgery and may serve as a bridge or as definitive therapy
in those unfit for OSR.®%57%0 Cohort and registry studies suggest a survival
advantage in the early period after endovascular treatment, with similar five year
survival compared with OSR.91.697 A Swedish nationwide study of 52 patients with
mycotic TAA (67% treated with TEVAR, 15% with FBEVAR, and 14% with hybrid
repair, 25% were ruptured) reported 30 day survival of 92% and five year survival of
71%, with infection related complications in 17%, most occurring within the first year
and often fatal.®°® A Swedish nationwide propensity matched analysis of 132 patients
with mycotic AAA showed a significant early survival benefit for EVAR, with no late
infection or aneurysm related outcome disadvantages.’* Similarly, a meta-analysis
of 963 patients reported a lower early mortality rate with EVAR (vs. OSR) for
paravisceral and infrarenal mycotic AAAs, although no long term difference was
observed.®°° However, Japanese registry data and recent meta-analyses indicate a
higher recurrent infection rate after EVAR (OR 2.8; RR 2.4), although overall

mortality and re-intervention rates were similar to OSR.6%:702
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In summary, due to the variability in clinical presentation, anatomic complexity, and
causative pathogens, combined with limited supporting evidence, an individualised
approach is recommended. Endovascular repair is a valid alternative to OSR for
mycotic TAA and TAAA, and is often preferable, as patients are frequently unfit for
major open surgery.®®703 Regardless, long term clinical and radiological surveillance
on an individual basis is advocated.’*7% Finally, given the rarity and complexity of
mycotic TAA and TAAA, its management should be centralised to high volume

centres with available multidisciplinary expertise (see Chapter 2).

Recommendation 119 New

Multidisciplinary management at highly specialised aortic centres is recommended for

patients with mycotic thoracic and thoraco-abdominal aortic aneurysms.

Class Level Reference

| C Consensus

Recommendation 120 New

Urgent surgical repair of mycotic thoracic and thoraco-abdominal aortic aneurysms should

be considered irrespective of aneurysm size.

Class Level Reference
lla C Consensus
Recommendation 121 New
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An individualised treatment strategy (open surgical repair, endovascular repair,
conservative, or palliative management) for mycotic thoracic and thoraco-abdominal aortic
aneurysms should be considered, based on urgency, anatomic considerations, surgical

risk, causative pathogens, and patient preferences.

Class Level Reference
lla C Consensus
Recommendation 122 New

Individualised antibiotic therapy for mycotic thoracic and thoraco-abdominal aortic
aneurysms should be considered, with treatment duration ranging from four to six weeks to

lifelong, depending on microbiology, surgical approach, and immune status.

Class Level Reference

lla C Consensus

10.5. Coarctation of the aorta

Coarctation of the aorta (CoA) is defined as a narrowing of the thoracic aorta at the
ductus arteriosus insertion, just distal to the LSA (juxtaductal) (Fig. 16), but may also
occur proximal (pre-ductal) or distal (post-ductal) to this site, and can involve other
aortic segments including the arch and abdominal aorta. CoA is among the most
prevalent congenital cardiovascular anomalies, with an incidence of 3 -4 per 10 000
live births and a male predominance (2:1). It is frequently associated with other

congenital defects, including bicuspid aortic valve (60%), aortic arch anomalies
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(18%), subaortic stenosis (6%), intracranial aneurysms, and other cardiovascular
malformations.’06.707

The clinical presentation varies with the severity of aortic narrowing, involvement of
arch vessels, and collateral development. Most adults experience mild symptoms
such as lower limb claudication; less commonly, headache, epistaxis, exertional
dyspnoea, dizziness, abdominal angina, or heart failure may occur. Typical findings
include upper extremity hypertension, lower limb hypotension, and delayed or
diminished femoral pulses. In some cases, AD or aneurysm formation may be the
initial manifestation.

Diagnosis is confirmed with imaging, typically CTA or MRI. Both modalities
effectively assess stenosis severity, collateralisation, aneurysms, and associated
anomalies.”®® MRI avoids radiation and allows flow quantification, while CTA offers
superior spatial resolution, faster acquisition, and fewer artefacts, particularly in the
presence of metallic implants.’® Although TTE is effective for diagnosing CoA in
infants, its utility in adults is limited by body habitus and anatomy. It can estimate
CoA severity using velocity ratios and is useful for assessing left ventricular function
and identifying associated anomalies such as bicuspid aortic and mitral valve
defects. Catheter angiography remains the gold standard for assessing peak
pressure gradient in CoA but is primarily reserved for patients undergoing catheter
based interventions.”1°

The prognosis of untreated CoA is poor, with historical data showing an up to 75%
mortality rate in middle aged adults due to heart failure, aortic syndromes, coronary
disease, endocarditis, or intracranial bleeding. Even after successful CoA treatment,
persistent hypertension affects over half of adults, contributing to reduced survival

and QoL."11
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Treatment of CoA is indicated in patients with upper limb hypertension at rest or with
exercise, or in the presence of left ventricular hypertrophy and either a non-invasive
SBP gradient > 20 mmHg between the upper and lower limbs or an invasive gradient
across the coarctation with impaired left ventricular function or significant collateral
flow."*?

OSR has long been the standard treatment for adult CoA, with a low mortality rate
(< 1%) but a risk of SCI.7*3 Techniques such as cardiopulmonary bypass or LHB are
used to reduce the SCI risk, and deep hypothermic circulatory arrest may be
required for arch involvement. Surgical options include end to end anastomosis,
prosthetic patch aortoplasty, subclavian flap aortoplasty, extra-anatomic bypass, and
interposition graft. Due to high rates of patch aneurysms (20 —40%) and risk of left
arm claudication after subclavian flap aortoplasty, interposition grafts and extra-
anatomic bypasses are the preferred surgical approaches in adults.”*?

The first transcatheter balloon angioplasty for CoA was reported in 1982,714 but high
rates of re-coarctation (up to 80%) and aneurysm formation limited its use. Stenting
prevents vascular recoil, fixes intimal flaps to the aortic wall, and reduces the risk of
dissection and aneurysm formation. Adult CoA stenting has demonstrated high
technical success and a low 30 day mortality rate (1%).7157%6 In the Coarctation of
the Aorta Stent Trial (COAST), 104 patients treated with Cheatham Platinum balloon
expandable bare metal stents showed excellent outcomes, with 13% requiring
redilation and no surgical conversions.”” An RCT of 92 patients found no differences
between Cheatham Platinum balloon expandable stents and uncovered nitinol self
expanding stents at one and three year follow up.’*® Meta-analyses report an 8% re-
intervention rate (mostly endovascular) and 2% mortality rate at 2.5 years.”'® While

early experience primarily involved bare metal stents, covered stents have gained
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favour due to a lower risk of AD and rupture.’'® The COAST Il trial reported a 92%
success rate in high risk patients treated with covered stents, with no aortic wall
injuries or deaths, although access related complications were more frequent due to
larger sheath sizes.”?® An RCT of 120 patients found no significant difference in re-
coarctation rates between bare and covered stents, although pseudoaneurysms
were more common with covered stents. Overall, current evidence does not support
the superiority of one stent design over another; selection should be guided by
individual patient anatomy and clinical factors. Covered stents are especially
preferred in smaller CoA diameter, native CoA, and in the presence of
pseudoaneurysms.’?! While in cases involving arch vessels or concomitant
cardiovascular anomalies, such as aberrant subclavian artery, bare metal stents may
be preferred to preserve flow to adjacent branches.

In a single centre study of 110 adults and adolescents with CoA, open,
endovascular, and hybrid approaches all achieved 100% technical success, with
similar unplanned re-intervention rates (12%).722 A multicentre registry of 350
patients (including children > 10 kg) found that surgery and stenting achieved better
early gradient reduction than balloon angioplasty. Stenting had fewer complications
but a higher re-intervention rate than surgery.’?® Meta-analytic data confirm high
technical success, 1% 30 day mortality, and 8% re-intervention at 29 months for
endovascular repair, supporting its safety and durability.”*® The choice of treatment
should consider aortic anatomy, patient age, lesion length, previous repairs, and
centre expertise. Adults with native, focal CoA are particularly well suited to
stenting.”?* Endografting has been shown to be feasible for pseudoaneurysms after
open repair of coarctation. Endografting is also a feasible treatment option for

pseudoaneurysms following open CoA repair.”?> A post-stent pressure gradient of
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<20 mmHg, and preferably <10 mmHg, is considered desirable for haemodynamic

efficacy.’23.726

Recommendation 123

Changed

220 mmHg is present.

Surgical or endovascular treatment of aortic coarctation is recommended in adults with

upper limb hypertension or left ventricular hypertrophy when a systolic pressure gradient”

Class

Level

Reference

C

Consensus

" Cuff blood pressure difference between upper and lower limbs, or catheter measured across the

coarctation.

Recommendation 124

Changed

Endovascular treatment should be considered as first line therapy for adult patients with
aortic coarctation, with stent choice (balloon expandable vs. self expanding, bare metal vs.

covered stents) based on individual anatomic and clinical factors.

Class

Level

Reference

lla

Consensus

10.6. Aberrant subclavian artery (arteria lusoria) and Kommerell’s diverticulum

An aberrant subclavian artery, also known as arteria lusoria, is a congenital vascular

anomaly in which usually the right subclavian artery abnormally arises distal to the

LSA, rather than from the brachiocephalic artery (Fig. 17). It characteristically
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courses behind the oesophagus and trachea (80%), and less frequently between the
oesophagus and trachea (15%) or in front of the trachea (5%).7?” Right aberrant
subclavian artery represents the most common variant of aortic arch anatomy,
occurring in approximately 0.1 —3.3% of the population,’?® with a reported female :
male predominance ranging from 2:1 to 3:1. Male patients, however, appear to have
a higher incidence of aberrant subclavian artery related complications and undergo
surgical intervention more frequently.”?7:729-732 |n the largest multicentre study to
date, the mean age at the time of surgical intervention was 57 years.’3?
Enlargement at the origin of the aberrant subclavian artery, referred to as
Kommerell’s diverticulum (KD), is a common finding. In a study of 312 patients with
aberrant subclavian artery, KD was present in 84% of individuals with a left sided
aberrant subclavian artery and in 56% of those with a right sided aberrant subclavian
artery.’?® Other studies have reported an even higher prevalence, with KD identified
in up to 100% of patients with left sided aberrant subclavian artery combined with
right sided aortic arch.”?

Aberrant subclavian arteries may be associated with other aortic arch anomalies,
congenital cardiac malformations, and genetic syndromes.”?8.734 A left aberrant
subclavian artery typically occurs in the setting of a right sided aortic arch, and both
right and left aberrant subclavian arteries may be associated with a complete
vascular ring.”?7.728.735 An increased prevalence of aberrant subclavian arteries has
been reported in individuals with trisomy 21 and Turner syndrome.”34735
Furthermore, patients with aberrant subclavian artery appear to have a higher risk of
developing TAA and AD."3¢ In an analysis of 21 336 CT scans performed for any
indication on patients aged 50 — 85 years, 603 (2.8%) had arch anomalies. The

prevalence of thoracic aneurysm was associated with aberrant left subclavian artery
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combined with right sided arch (33%), followed by bovine arch (13%), and aberrant
right subclavian artery (8.2%).73’

Although aberrant subclavian artery and KD are frequently asymptomatic, reported in
60 — 80% of cases, they may cause clinical symptoms such as dysphagia or
dyspnoea due to extrinsic compression of adjacent structures, particularly the
oesophagus and trachea.”?® In addition, thromboembolic events originating from the
KD may result in upper limb ischaemia or cerebrovascular events, including stroke.
When clinically suspected, the diagnosis is confirmed with CTA or MRI.”?’
Measurement of aberrant subclavian artery and KD has been suggested to be
performed in two planes: (1) the combined distance between the diverticulum and
the adjacent aorta; and (2) the transverse diameter of the aberrant right subclavian
artery measured 1 cm distal to the vessel ostium (Fig. 17).731.738-740

Screening for associated cardiac malformations should be considered in patients
with an aberrant subclavian artery and or KD, as concomitant heart defects may
influence both treatment strategy and long term follow up.”3* In pre-natal diagnosis of
aberrant subclavian artery and or KD cases, a comprehensive evaluation for
additional structural anomalies and soft markers,’#! and in pre-natal or early post-
natal settings genetic screening should be considered, particularly in the presence of
associated structural abnormalities or characteristic phenotypes.’3*

The natural history of aberrant subclavian artery remains poorly understood due to
the rarity of the condition; however, complications such as dissection or rupture have
been reported, although rarely.”3%732 In the largest series to date, the Vascular Low
Frequency Disease Consortium (VLFDC) analysed 285 patients undergoing
treatment for aberrant subclavian artery and or KD, the most common indication for

treatment was symptoms (59%), followed by size of the aberrant subclavian artery
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and or KD (38%). Rupture as the indication for treatment was documented in only
4.2% of the cohort and occurred at a mean diameter of 4.4 cm (range 1.8 —

10.0 cm).”3? Patients with incidentally detected, asymptomatic, non-aneurysmal
aberrant subclavian artery may be considered for serial surveillance imaging with
MRI or CTA, suggestively every five years. For aberrant subclavian artery dilation or
KD, more frequent imaging is warranted. Symptomatic aberrant subclavian artery
and or KD is exceedingly rare among children and young adults; in the VLFDC
cohort, the mean age at treatment was 57 years (standard deviation 17 years).”%?
Considering this, initiating surveillance at age of 40 years is reasonable.

Surgical treatment should be considered in all patients with an aberrant subclavian
artery and or KD who present with symptoms attributable to compression of adjacent
structures, such as the oesophagus or trachea. Prophylactic surgical treatment may
also be justified for large, asymptomatic aneurysmal aberrant subclavian artery and
or KD to prevent rupture or dissection. However, the optimal size threshold for
prophylactic intervention remains uncertain due to limited supporting evidence.
Earlier EACTS/ESVS consensus statements recommended surgery at an aberrant
subclavian artery diameter = 3.0 cm or when the combined distance between the
edges of the diverticulum and adjacent aorta reached 2 5.5 cm, respectively,2°® while
more recent guidelines from EACTS/STS (2024), American Heart
Association/American College of Cardiology (ACC/AHA) (2022), and SVS (2020)
advocate treatment at a slightly lower threshold of 23.0/25.0 cm.®31.%8 Nonetheless,
based on the most recent VLFDC data, the GWC does not consider it justified to
lower the threshold for prophylactic surgical treatment of aberrant subclavian artery

and or KD.
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Comparative analysis of surgical techniques is limited by the paucity of high quality
data, publication bias, and heterogeneity in reporting standards. Data from the
VLFDC suggest that favourable outcomes can be achieved regardless of the surgical
technique employed. In this cohort, hybrid repair was the most commonly performed
approach (59%), followed by OSR (36%).73? Similar observations have been
reported in previous systematic reviews and meta-analyses of cohort studies, which
consistently found no clear superiority of one surgical technique over another.
Therefore, current evidence does not support strict recommendations favouring any
particular treatment approach.?8742.743 The choice of surgical approach and
technique should be individualised based on patient condition, indication for
treatment (including symptom type, presence of AD, aneurysm), anatomic
characteristics, and patient preference. Given the procedural complexity, patients
with aberrant subclavian artery and or KD should be referred to high volume aortic
centres with expertise in managing complex aortic pathology. Careful pre-operative
planning is essential, as aortic arch anomalies, such as aortic origin of vertebral
arteries, a short or separate innominate artery, or a bovine arch, may impact the
treatment strategy.’2%736

Hybrid repair is the most commonly reported and often preferred treatment
approach.’32742.744 The most frequent hybrid strategy involves TEVAR combined with
carotid—subclavian bypass and coil embolisation of the aberrant subclavian artery.
More extensive cervical debranching may be necessary to obtain a suitable LZ more
proximally. Alternatively, custom made endografts may be used to land in the mid
arch, typically incorporating a scallop for the left common carotid artery and a
fenestration for the LSA, or in the ascending aorta, with inner branches to all supra-

aortic vessels.”#>
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OSR can be performed using various approaches and typically involves proximal
ligation of the aberrant subclavian artery to relieve symptoms, most often via a
thoracotomy, followed by subclavian artery revascularisation by either bypass or
transposition. In patients with a concomitant KD, TAA, or dissection, arch and or
DTA replacement may be required.”?”"3? In cases with associated vascular rings,
particularly in younger patients with a left sided aberrant subclavian artery,
decompression should include division and resection of related structures such as
the ligamentum arteriosum. For extensive arch or DTA pathology, concomitant aortic
repair with a frozen elephant trunk may be considered to facilitate distal TEVAR.”4>-
44 Total endovascular repair of aberrant subclavian artery and or KD has been
described in small case series and case reports, using custom made branched or
fenestrated thoracic stent grafts, PMEGs, and PG techniques.’32:743.746.747 \While early
outcomes appear promising, demonstrating satisfactory aneurysm exclusion and
symptom relief, these results must be interpreted with caution due to limited follow

up, small sample sizes, and a high risk of publication bias.

Recommendation 125 New

Patients with an aberrant subclavian artery and or Kommerell’s diverticulum should be

considered for evaluation of associated structural abnormalities.

Class Level Reference
lla C Consensus
Recommendation 126 New
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An incidentally detected, non-aneurysmal, asymptomatic aberrant subclavian artery may be

considered for serial imaging surveillance at five year intervals, beginning at age 40 years.

Class Level Reference
IIb C Consensus
Recommendation 127 New

Surgical treatment should be considered in patients with an aberrant subclavian artery and
or Kommerell’s diverticulum who present with symptoms attributable to compression of

adjacent structures, such as the oesophagus or trachea.

Class Level Reference
lla C Consensus
Recommendation 128 New

Surgical treatment for asymptomatic aberrant subclavian artery and or Kommerell’s
diverticulum may be considered when the transverse vessel diameter” is 2 3.0 cm or when

the combined distance between the edges of the diverticulum and the adjacent aorta’is

25.5cm.
Class Level Reference
Ilb C Consensus

*

See Figure 17.

Recommendation 129 New
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The choice of surgical repair technique (open, hybrid, or endovascular repair) of an aberrant
subclavian artery and or Kommerell’s diverticulum should be considered individualised

based on the treatment indication, anatomy, surgical risk, underlying pathology, and patient

preferences.
Class Level Reference
lla C Consensus

11. THE PATIENTS’ PERSPECTIVE

Literature focusing on the patients’ perspective regarding diseases of the aorta in the
chest is scarce. Informed consent for treatment addresses the most relevant
potential risks and questions that may arise in patients who receive a particular
choice of therapy. Yet the advantages and disadvantages of the various treatment
options, including conservative treatment, should be made readily available for
patients in addition to the formal consent process. Ideally, this information should
come from healthcare professionals, based on expert agreement, rather than from
other less reliable sources.

Furthermore, the assessment of quality of life after both treatment modalities is
under represented in the literature and demands further research, enabling a more
appropriate pre-operative evaluation of the patient’s suitability for a specific kind of
treatment.

The aim behind patient participation in healthcare decision making can be classified
as democratisation and improving the quality of decisions. Patient engagement, as

recommended, may also improve the validity of clinical guidelines.”#®
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This document is designed to support both healthcare professionals and patients
dealing with aortic dissections and aneurysms, conditions where the body’s main
blood vessel, the aorta, becomes enlarged in the chest (thoracic aortic aneurysm)
and possibly also the upper abdomen (thoraco-abdominal aortic aneurysm). The
European Society for Vascular Surgery (ESVS) has developed detailed guidelines
for doctors and specialists to help ensure the best possible care. This is the main
part of this document. The following part provides the same information in a simpler
format, making it easier to understand for patients and others without medical

training.

11.1. Information for patients

Some of the aspects that are presented in this chapter have been very adequately
addressed in a similar chapter in the current ESVS abdominal aortic aneurysm

guideline published in 2024 by Wanhainen et al.8

What is a thoracic or thoraco-abdominal aortic aneurysm? A descending thoracic
aortic aneurysm or a thoraco-abdominal aortic aneurysm is an abnormal ballooning
of the main artery in the body, in the chest or starting in the chest and extending into
the abdomen (Fig. 18). These aneurysms are unusual before the age of 60 years,
except in some rare inherited diseases. They are more common in people who have
smoked and in people suffering from high blood pressure. They are also more
common in men than in women. Most aneurysms do not cause any symptoms.
Patients with an aneurysm usually do not realise they have one until it is found by a

doctor as a result of other medical tests (by coincidence, so to speak). Fortunately,
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this is the case in most patients, but sometimes the first symptoms occur when an

aneurysm ruptures (when the wall bursts).

What is an aortic dissection? A dissection is a tear within the different layers of the
wall of the aorta, usually quite sudden. The aorta may “dissect” because of high
blood pressure over a longer period. This tear in the lining of the aorta can spread
into branches affecting blood flow to areas of the body and or weaken the aorta
leading to aneurysm formation or “ballooning” over time. In addition, trauma may
lead to a dissection or more extensive damage causing rupture. If the tear starts at
the level of the main artery to the left arm, it is referred to as a “type B dissection”. If
the tear starts closer to the heart, it is referred to as “type A dissection”, an acute
situation that needs urgent treatment by cardiac surgery teams. Aortic dissection can
also be classified as acute (happened recently) or chronic (long ago). An acute type
B dissection can be a life threatening emergency and needs to be treated urgently in
a hospital by conservative (medication on the ICU), endovascular (the use of stents),

or open surgical therapy.

How is a thoracic aortic aneurysm or dissection diagnosed? Physical examination is
not reliable for diagnosing aortic diseases, and the part of the aorta in your chest
cannot be seen on ultrasound. If someone is suspected of having a dissection or
aneurysm in the chest, the best way to confirm the diagnosis is by using computed
tomography scanning (a CT scan). This involves the injection of dye into a vein in
your body so that the aorta can be seen clearly on the scan. CT scans are most
used when an operation to repair an aneurysm is being considered, or if your doctor

wants to make sure your aneurysm has not burst. A doctor may suspect a burst
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aneurysm if someone who is known to have an aneurysm collapses or develops
sudden and severe chest, abdominal, or back pain. Nevertheless, most aneurysms
in the chest are diagnosed incidentally when patients are being evaluated for other

conditions.

What about screening for thoracic aortic aneurysms? These conditions are
uncommon and so there are no screening programmes. Thoracic aortic aneurysms
are usually detected by investigation for other conditions or symptoms, as mentioned
above, or in people with a positive family history who might be deemed to be at

higher risk than the general population.

What happens if | am diagnosed with an aneurysm? If you are diagnosed with a
thoracic aortic aneurysm, you will be told whether it is small (between 3 cm and

5.9 cm) or large (6 cm or bigger). The size of an aneurysm is usually measured by
CT scan. When your aneurysm is small, it is very unlikely to cause you any
problems, but you may be advised to have the aneurysm monitored by scans at
certain time intervals. In particular, the risk of rupture or bursting is usually very low.
Regardless, your doctor or healthcare professional will give you advice regarding
your lifestyle such as smoking cessation, adequate blood pressure control,
medication, healthy living, and diet. The frequency of monitoring (repeat CT scans)

depends on several factors, but in particular the size of the aneurysm.

What happens if | am diagnosed with a dissection? If you are diagnosed with a

thoracic aortic dissection and there are signs of rupture or reduced blood supply to

vital organs or the legs, emergency surgery may be needed to repair the tear in the
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vessel wall and restore blood flow. In most cases, however, this is not necessary.
Instead, treatment usually involves blood pressure lowering medications and regular
CT scans to monitor the aorta throughout life. If the aorta later becomes enlarged

(aneurysmal), treatment will follow the same approach as for aneurysms.

If I have an aneurysm, what is the risk of it bursting? If your aneurysm is small, the
risk of it bursting is extremely small. The risk of aneurysm rupture increases as the
size of the aneurysm increases. The estimated average growth rate of descending
thoracic and thoraco-abdominal aortic aneurysms is <2 mm in diameter per year,
increasing with aortic size at the time of diagnosis. Most ruptures occur with
aneurysms above 6.0 cm. Women or people of small stature are at higher risk of

rupture at smaller diameter, including below 6.0 cm in some cases.

What can | do to stop an aneurysm progressing? A healthy lifestyle including
changes to diet, regular physical activity, smoking cessation, and adequate blood
pressure control are the main pillars to try to reduce the growth rate. These

measures do not prevent the need to monitor the size of the aneurysm.

If I have an aneurysm, will it affect other parts of my body or my general health? For
further information, please see the abovementioned guideline relating to the
management of aneurysms in the abdomen, which are much more common. This
guideline is available online for free. The development of an aortic aneurysm may be
related to “atherosclerosis” (narrowing of blood vessels). If you are diagnosed with

an aneurysm, it is therefore important to check for cardiovascular risk factors such as
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high blood pressure, high cholesterol, diabetes, and smoking. Your doctor may also

recommend tests of your heart, lungs, and other blood vessels.

What happens if | have a small aneurysm and it gets bigger? If your aneurysm grows
and becomes a large aneurysm, your doctor is likely to recommend an operation to
repair it, depending on your age and your general condition. For many patients this
will not happen in their lifetime. We recommend that for men, if their thoracic
aneurysm grows to a diameter of 6.0 cm or more, they should be referred to a
vascular surgeon for consideration of surgery. For women, who are often smaller in
body size, a lower (5.5 cm) threshold may be considered. If a patient is suffering from
a hereditary vascular disease such as Marfan syndrome, treatment can be

recommended a bit earlier.

How is an operation to repair an aneurysm performed? An operation for a thoracic
aortic aneurysm can be done endovascularly or by open surgery. The choice of
method is determined by anatomy and patient related factors, but usually the
endovascular technique is preferred due to its lower invasiveness.

An endovascular operation is carried out through small cuts in the groin, and
sometimes also in the arms. Using Xray control, a graft material attached to a
supporting “stent” is passed up from the arteries in the groin to reline the diseased
aorta from the inside. These stent grafts may include pre-formed holes, so called
fenestrations, or side arms (branches), to enable connection with the important
branches of the aorta. Not everyone can have an endovascular aneurysm repair.

Much depends on what the aorta looks like on the CT scan.
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An open operation to repair a thoracic aortic aneurysm is performed through a large
cut in the chest and sometimes also the abdomen. The aorta is identified and the
blood flow through the aorta temporarily stopped. The surgical technique includes
maintaining blood flow to the important structures in the lower body, including the
bowel and kidneys, via a temporary bypass. The flow in the aorta itself is stopped
using clamps, and a prosthetic graft is used to replace the affected aorta. The blood

flow through the aorta can then be restored.

What are the advantages and disadvantages of open and endovascular repair? The
main advantage of endovascular repair is that it is a much less invasive procedure,
compared with open repair, as the whole chest does not need opening. This usually
results in a shorter time in hospital around the time of the operation, a better chance
of survival, and a lower risk of serious complications. The main disadvantage of
endovascular repair is that after surgery you will need to be monitored with further
scans to make sure problems do not arise relating to the stent grafts. Sometimes the
sealing is not perfect over time, which can lead to the formation of so called
“‘endoleaks”. These mean there is further blood flow into the aneurysm from a variety
of sources. This can in some cases cause the aneurysm to expand again. Some
patients need additional surgery in their lifetime to prevent further aneurysm
expansion and rupture. The monitoring performed after surgery usually requires CT
scanning. The use of radiation and contrast solution (dye) can increase the risk of
causing cancer and kidney disease over a lifetime. The ESVS recommends that after
repair of a thoracic or thoraco-abdominal aortic aneurysm, whether by endovascular
or open surgery, patients should be offered regular follow up examinations to look for

the effectiveness of the repair and to check the other blood vessels.
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What happens if | am not fit enough to have an operation to repair my aneurysm? In
some patients neither an open nor an endovascular procedure is possible.
Conservative therapy consists of optimal antihypertensive therapy and healthy
lifestyle including smoking cessation, adequate physical activity, and healthy diet as
mentioned above. It is the task of your vascular surgeon to discuss all options and
advise the best option for you. If the aneurysm is small and or the risk of treatment

too high, the best option might be conservative treatment with medication.

What happens if an aneurysm bursts? This situation is a life threatening medical
emergency and urgent help or treatment in a hospital is required. In this case, the
only chance is rapid treatment, open or endovascular, in an experienced large
volume centre, to stop the bleeding. This procedure is, however, very complex, with

a high risk of not surviving, even in the best hands.

What rare causes are there for thoracic aortic aneurysm? Most aneurysms are
caused by a combination of an individual’s genetic predisposition and environmental
factors, especially smoking, that damage the structure of the aortic wall causing
weakness. In some rare cases an aneurysm can be caused by other factors. It is
difficult to recommend treatments for these rare aneurysms because we generally
know less about diseases that are uncommon. Some genetic conditions cause
aneurysms. These are usually treated by experts in clinical genetics in combination
with surgeons, if there is a need to repair the aorta. In such cases, the choice of

surgical technique should be individualised.
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Most rare aneurysms that occur later in life are due to infection, inflammation, or

form as a result of other diseases of the aorta. The treatment for these aneurysms
can be different from the usual sort of aneurysm and the recommendations above
may not apply. An experienced vascular surgeon should be able to discuss these

with their patients.

12. UNRESOLVED ISSUES

A fundamental challenge in managing DTA and TAbdAo disease is the persistent
lack of high quality evidence. These conditions are relatively rare, heterogeneous,
and involve highly complex management, which limits the feasibility of large, robust
studies. Consequently, much of the available data still derive from single centre,
retrospective reports with inherent selection and reporting biases. In recent years,
multicentre consortia have emerged, enabling larger pooled analyses with somewhat
reduced bias. However, these efforts largely involve a small group of high volume
aortic centres collaborating in various constellations. As a result, much of our current
knowledge is repeatedly drawn from approximately the same cohort of 2 000 patients
who have undergone OSR and a similar number treated with complex endovascular
repair, with these datasets being re-analysed across multiple publications. This
limited and repetitive evidence base creates uncertainty and variation in clinical
decision making, often leaving treatment thresholds and strategies to rely heavily on
expert opinion rather than robust data. The generalisability of conclusions based on
the available data, derived from a few academic high volume aortic centres, can also
be questioned.

The field urgently awaits data from well designed prospective registries and RCTSs,

and several such initiatives are already underway. In the meantime, the 2026
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guidelines aim to mitigate this uncertainty by emphasising individualised,
multidisciplinary care in experienced high volume aortic centres, supported by
structured SDM with patients. Furthermore, it is strongly encouraged to actively
participate in national and international registries to expand the collective evidence

base and improve future guideline development.

Specific unresolved issues include the following:

. Centralisation: DTA and TAbdAo pathologies should be managed in high
volume, specialised aortic centres by experienced and dedicated multidisciplinary
teams, particularly in complex scenarios such as those associated with genetic
aortopathy, pregnancy, or infection. There is a well recognised volume outcome
relationship, and although defining the optimal threshold is challenging, a minimum
of 20 operations per year is proposed as a reasonable benchmark. This threshold is
probably conservative and may need to be higher, but additional data are required
before more definitive recommendations can be made. Centralising the management
of DTA and TAbdAo pathologies is further justified by the need to keep up with the
rapid medical and technological advances and to ensure access to the full spectrum
of contemporary treatment options. Potential drawbacks of centralisation should be
addressed, including ensuring effective transfer networks and sustaining teaching
and learning in non-centralised emergency departments.

. Assessment of rupture risk: a major limitation of current practice is the
reliance on aortic diameter as the primary predictor of dissection or rupture. There is
a clear need for more personalised risk stratification tools and a deeper
understanding of the underlying pathophysiology to better identify patients at the

highest risk. Several RCTs evaluating primary TEVAR vs. medical management for
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uncomplicated ATBAD are ongoing and the results are highly anticipated. Based on
limited evidence, the principal threshold diameter for considering repair in CTBAD,
DTAA, and TAAA remains set at 6 cm. However, the optimal diameter threshold for
intervention remains uncertain. While RCTs are unlikely to be feasible, better
prospective follow up data on small DTAA and TAAA could help refine these
estimates. It is likely that future thresholds will need to be stratified based on
additional factors such as ASI, underlying pathology, genetic predisposition, and
other individual risk factors, thus highlighting the need for more personalised risk
assessment tools that incorporate factors beyond diameter.

. Assessment of procedural risk: equally as important as identifying patients at
risk of aortic related complications which may justify prophylactic aortic repair, is
determining which patients can safely tolerate surgery. Better tools are needed to
identify those at risk of procedure related complications. Beyond traditional
measures of comorbidity, factors such as functional capacity and QoL play a critical
role. In recent years, frailty has emerged as a particularly relevant concept for
patients with DTAA and TAAA, who often require highly complex and high risk
surgical interventions. This underscores the importance of thorough multidisciplinary
assessment and structured SDM to ensure that the potential benefits of intervention
outweigh the risks for each individual patient.

. Medical treatment: evidence guiding secondary preventive medical treatment
and post-operative medical therapy in patients with DTAA and TAAA remains limited
and is often extrapolated from studies into other aortic or cardiovascular pathologies
that may not fully reflect the unique characteristics of this patient population. As a
result, important questions remain unanswered regarding the optimal management

of specific frequently encountered conditions. In particular, better data are needed on
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initial blood pressure management of ATBAD, how to effectively treat shaggy aorta
to reduce embolic risk, how to manage floating thrombi in the thoracic aorta, and
how to balance antithrombotic therapy following complex endovascular repairs such
as FBEVAR. These areas represent clear opportunities for prospective studies, and
RCTs would be both feasible and highly valuable to establish evidence based
protocols tailored to patients with DTAA and TAAA. Generating such targeted
evidence could significantly improve patient outcomes, reduce peri-operative and
late complications, and optimise long term survival and QoL. However, the rarity and
heterogeneity of these pathologies limit the feasibility of large scale RCTSs,
underscoring the importance of collaborative multicentre registries and pragmatic
study designs to advance knowledge in this field. International registries and
research consortia could play a pivotal role in overcoming these limitations by
pooling data from high volume centres, standardising outcome reporting, and
enabling large scale analyses that would otherwise be impossible at single institution
level.

. Durability of complex endovascular repair: although complex endovascular
repair has become the preferred treatment for most DTA and TAbdAo pathologies
with suitable anatomy, its long term durability remains the major source of
uncertainty. This concern is particularly pronounced in younger patients, where life
expectancy may exceed the proven lifespan of current devices, as well as in cases
requiring FBEVAR, which involves more extensive sealing zones and multiple
branch connections. While short and midterm results are encouraging, robust data
on outcomes beyond five to ten years are scarce. To better define the true durability
of these techniques, larger cohorts with standardised reporting and substantially

longer follow up are essential. Such data would not only guide patient selection but
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also inform the evolution of device design, surveillance strategies, and potential
indications for earlier re-intervention. Centralised follow up in high volume aortic
centres, combined with participation in national and international registries, will be
crucial to systematically capture these long term outcomes and build a stronger
evidence base for future practice. Moreover, patients treated with complex
endovascular repair are recommended for lifelong imaging surveillance to detect
device related complications or disease progression at an early stage, ensuring
timely intervention when necessary.

. Genetic aortopathy: the expanding role of endovascular techniques in patients
with genetic aortopathies, such as MFS, LDS, and VEDS, requires careful evaluation.
While these approaches offer less invasive alternatives to OSR, their long term
durability and safety in patients with inherently fragile connective tissue remain
uncertain. Concerns include progressive disease in untreated aortic segments,
higher risks of device related failure, and challenges in achieving durable proximal
and distal sealing zones. Prospective data and longer term follow up are needed to
clarify patient selection criteria, optimise procedural strategies, and determine
whether endovascular repair can provide outcomes comparable to open surgery in
this high risk population. Collaborative multicentre registries and dedicated studies
will be essential to establish evidence based recommendations for the use of
endovascular repair in genetic aortopathies. The same applies to endovascular
treatment of mycotic aneurysms, with the risk of late infection related complications.
. New technology: the development of endovascular technology is ongoing and
evolving rapidly, with the constant introduction of new devices and techniques. This
dynamic landscape necessitates careful and continuous monitoring of outcomes,

safety, and durability. To achieve this, prospective registries are essential, providing
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real world data that can guide clinical practice, inform regulatory decisions, and
support future guideline updates.

. Re-intervention: in the context of DTA and TAbdAo disease management, it is
important to recognise that re-intervention after endovascular repair should not
automatically be regarded as a failure but rather as an integral component of the
overall treatment strategy. Complex aortic disease often requires a staged or
stepwise approach, where secondary procedures, whether planned or unplanned,
serve to maintain or restore durable exclusion of the aneurysm, optimise branch
vessel patency, or address disease progression in untreated segments. This
paradigm reflects the chronic nature of aortic pathology and the evolving capabilities
of endovascular therapy, emphasising long term surveillance and timely re-
intervention as essential elements of comprehensive patient care rather than
indicators of initial treatment inadequacy. Such an approach underscores the need
for lifelong imaging follow up and management in specialised high volume centres,
where the expertise and infrastructure are available to ensure optimal outcomes over
the patient’s lifetime. It also highlights the importance of thorough pre-operative
counselling and SDM, ensuring that patients understand the chronic nature of their
disease, the likelihood of future interventions, and the commitment required for
ongoing surveillance and care.

. Miscellaneous: several critical areas in the management of DTA and TAbdAo
diseases remain insufficiently supported by evidence and warrant further research.
High priority topics include the prevention and treatment of SCI and peri-operative
stroke, as well as strategies for managing type Il and undefined endoleaks, and
dSINE. Additional uncertainty surrounds the indications for and optimal methods of

LSA revascularisation, as well as the most effective approaches for FL management
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in chronic dissections. Beyond these, there is a lack of robust data on the natural
history and appropriate follow up of non-aneurysmal, asymptomatic arteria lusoria,
and the threshold at which intervention should be considered. Addressing these
knowledge gaps through prospective studies, registries, and, where feasible, RCTs
would substantially improve the evidence base and refine clinical decision making for
these complex aortic pathologies.

. Technical aspects: important technical aspects of complex endovascular
repair still require clarification and standardisation. These include the risk and
management of bridging stent instability, optimal stent selection for various anatomic
and pathological scenarios, and the choice between fenestrations and branches for
target vessel incorporation. Further questions remain regarding the relative
advantages of external vs. internal branch configurations and the role of adjunctive
techniques, such as electrocautery, in optimising device deployment. Addressing
these unresolved technical issues through systematic evaluation, shared procedural
experience, and dedicated research will be crucial for improving the safety,
durability, and reproducibility of complex endovascular procedures. Progress in this
field will also depend on close collaboration between clinicians, engineers, and
industry partners to drive device innovation and develop solutions tailored to the
unique challenges of DTA and TAbdAo repair.

. Cost and QoL.: there is a notable lack of formal cost effectiveness analyses for
the management of DTAA and TAAA, despite the substantial healthcare resources
required for both open and complex endovascular repairs. FBEVAR procedures are
significantly more expensive than standard EVAR, primarily due to the cost of the
custom designed grafts and the potential for complications. A better understanding of

the economic impact of different treatment strategies, including procedure costs, re-
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intervention rates, long term surveillance requirements, and complication
management, is essential for guiding resource allocation and healthcare policy. In
addition, more data are needed on the effects of both the disease itself and its
various treatments on patients’ QoL. Beyond survival, understanding functional
outcomes, symptom burden, psychological well being, and long term patient reported
outcomes is critical to fully assess the value of intervention. Prospective studies
incorporating cost analyses alongside QoL assessments would provide a more
holistic view of the true benefits and trade offs of DTAA and TAAA repair. Such
evidence would also greatly enhance SDM, enabling patients and clinicians to weigh
the risks, benefits, and overall impact of treatment in a more informed and
individualised manner. Integrating cost effectiveness metrics and QoL data into
national and international registries could provide a powerful platform to generate
real world evidence, support health economic evaluations, and further refine patient

centred treatment strategies.

235



ACKNOWLEDGEMENTS

Dr Nader Albin (Uppsala University, Sweden) for support in preparation of Chapters
2 and 7. Dr Joanna Hallman (Medical University of Gdansk, Poland) for support in
preparation of Chapter 2. Dr Matthew Joe Grima (Uppsala University, Sweden and
University of Malta, Malta), for support in preparation of Chapter 4. Prof. Yskert von
Kodololitsch (German Aortic Centre, University Heart & Vascular Centre, University
Hospital Hamburg-Eppendorf, Hamburg, Germany) for support in preparation of
Chapter 5. Dr Paolo Spath (LMU University Hospital, Germany and University of
Bologna, Italy) for support in preparation of Chapters 3.4 and 7. Dr Petroula Nana
and Prof. Yskert von Kodololitsch (German Aortic Centre, University Heart &
Vascular Centre, University Hospital Hamburg-Eppendorf, Hamburg, Germany) for
support in preparation of Chapter 10. Mr T. Soéderlund (Sweden) is acknowledged for
contributing to proofreading and editing the updated plain English summary in
Chapter 11. Dr Maysam Shehab (Tel Aviv University, Israel and Uppsala University,

Sweden) is acknowledged for making the figures in Chapters 4, 10, and 11.

AUTHOR CONTRIBUTIONS

ESVS Guideline Writing Committee: Anders Wanhainen (Chair), Alexander Gombert
(Co-chair), George A. Antoniou, Liliana A. Fidalgo Domingos, Ryan Gouveia e Melo,
Martin Grabenwdger, Stephan Haulon, Athanasios Katsargyris, Tilo Kdlbel, lan M.
Loftus, Kevin Mani, Barend M.E. Mees, Germano Melissano, Luis Mendes Pedro,
Carlota F. Prendes, Konstantinos Spanos, Nikolaos Tsilimparis, Isabelle Van

Herzeele, Maarit Venermo, Eric L.G. Verhoeven.

236



ESVS Guidelines Steering Committee: Frederico Bastos Gongalves, Martin Bjorck,
Nabil Chakfé, Raphaél Coscas, Nuno V. Dias, Sandro Lepidi, Timothy A. Resch,
Jean-Baptiste Ricco, Santi Trimarchi, Riikka Tulamo, Christopher P. Twine.
Document reviewers: Adam W. Beck, Colin D. Bicknell, Philippe Kolh, Anne Lejay,

Gustavo Oderich, Hence J.M. Verhagen, Frank E.G. Vermassen.

APPENDIX A. SUPPLEMENTARY DATA
Supplementary data to this article can be found online at

https://doi.org/10.1016/j.ejvS.XXXX.XX.XXX.

APPENDIX B. AUTHORS’ AFFILIATIONS

Anders Wanhainen (Chair), Department of Surgical Sciences, Vascular Surgery,
Uppsala University, Uppsala, Sweden, and Department of Diagnostic and
Intervention, Vascular Surgery, Umea University, Umed, Sweden; Alexander
Gombert (Co-chair), University Hospital RWTH Aachen, Aachen, Germany; George
A. Antoniou, Manchester Vascular Centre, Manchester University NHS Foundation
Trust, Manchester, UK, and Division of Cardiovascular Sciences, School of Medical
Sciences, Manchester Academic Health Science Centre, The University of
Manchester, Manchester, UK; Liliana A. Fidalgo Domingos, Unidade Local de Saude
do Algarve, Faro, Portugal; Ryan Gouveia e Melo, Vascular Surgery Department,
Unidade Local de Saude de Santa Maria, Lisbon, Portugal, Faculdade de Medicina
da Universidade de Lisboa, Lisbon, Portugal, and Centro Cardiovascular da
Universidade de Lisboa, Lisbon, Portugal; Martin Grabenwéger, Clinic Floridsdorf,
Department of Cardiovascular Surgery, Vienna, Austria; Stephan Haulon, Aortic

Centre, Hopital Marie Lannelongue, GHPSJ, Université Paris Saclay, Le Plessis

237



Robinson, France; Athanasios Katsargyris, 2nd Department of Vascular Surgery,
LAIKO General Hospital, National and Kapodistrian University of Athens, Athens,
Greece, and Department of Vascular and Endovascular Surgery, General Hospital
and Paracelsus Medical University, Nuremberg, Germany; Tilo Kolbel, University
Medical Centre Eppendorf, Hamburg, Germany; lan M. Loftus, St George’s
University Hospitals NHS Foundation Trust, London, UK; Kevin Mani, Department of
Surgical Sciences, Section of Vascular Surgery, Uppsala University, Uppsala,
Sweden; Barend M.E. Mees, Maastricht University Medical Centre, Maastricht, the
Netherlands; Germano Melissano, Division of Vascular Surgery, IRCCS San
Raffaele Scientific Institute, Vita-Salute San Raffaele University, Milan, Italy; Luis
Mendes Pedro, Vascular Surgery Department, Unidade Local de Saude de Santa
Maria, Lisbon, Portugal, Faculdade de Medicina da Universidade de Lisboa, Lisbon,
Portugal, and Centro Cardiovascular da Universidade de Lisboa, Lisbon, Portugal,
Carlota F. Prendes, Akademiska University Hospital, Uppsala, Sweden,;
Konstantinos Spanos, Department of Vascular Surgery, University Hospital of
Larissa, Faculty of Medicine, School of Health Sciences, University of Thessaly,
Larissa, Greece; Nikolaos Tsilimparis, Department of Vascular Surgery, Ludwig-
Maximilians-University Hospital, Munich, Germany; Isabelle Van Herzeele, Ghent
University Hospital, Ghent, Belgium; Maarit Venermo, University of Helsinki and
Helsinki University Hospital, Helsinki, Finland; Eric L.G. Verhoeven, General Hospital
and Paracelsus Medical University, Nuremberg, Germany; Frederico Bastos
Gongalves, NOVA Medical School, Faculdade de Ciéncias Médicas, NMS | FCM,
Universidade Nova de Lisboa, Lisbon, Portugal, Hospital de Santa Marta, Unidade
Local de Saude Sao José, Centro Clinico Académico de Lisboa, Lisbon, Portugal,

and Hospital CUF Tejo, Lisbon, Portugal; Martin Bjorck, Department of Surgical

238



Sciences, Uppsala University, Uppsala, Sweden, Institute of Clinical Medicine,
University of Tartu, Tartu, Estonia, and Norwegian University of Science and
Technology, Trondheim, Norway; Nabil Chakfé, Department of Vascular Surgery,
Kidney Transplantation and Innovation, University Hospital of Strasbourg,
Strasbourg, France, and University of Strasbourg, Strasbourg, France; GEPROMED,
Strasbourg, France; Raphaél Coscas, Ambroise Paré University Hospital, AP-HP,
Boulogne-Billancourt, France, and Versailles Saint-Quentin and Paris-Saclay
Universities, France; Nuno V. Dias, Vascular Centre, Skane University Hospital,
Malmd, Sweden, and Department of Clinical Sciences Malmg, Lund University,
Lund, Sweden; Sandro Lepidi, Division of Vascular and Endovascular Surgery,
University of Trieste, Medical School, Trieste, Italy; Timothy A. Resch, Department of
Vascular Surgery, Copenhagen University Hospital, Copenhagen, Denmark, and
Faculty of Health Sciences, Copenhagen University, Copenhagen, Denmark; Jean-
Baptiste Ricco, ABS Lab, University of Poitiers, Poitiers, France, Department of
Vascular Surgery, University Hospital of Toulouse, Toulouse, France; Santi
Trimarchi, Fondazione IRCCS Ca' Granda Ospedale Maggiore Policlinico, Milan,
Italy, Department of Clinical and Community Sciences, Universita degli Studi di
Milano, Milan, Italy; Riikka Tulamo, Vascular Surgery, University of Helsinki and
Helsinki University Hospital, Helsinki, Finland; Christopher P. Twine, North Bristol
NHS Trust and University of Bristol, Bristol, UK; Adam W. Beck, University of
Alabama at Birmingham, Division of Vascular Surgery and Endovascular Therapy,
Birmingham, AL, USA; Colin D. Bicknell, Imperial College London, London, UK;
Philippe Kolh, Department of Biomedical and Preclinical Sciences, University of
Liege, Liege, Belgium, GIGA Cardiovascular Sciences, University of Lieége, Liege,

Belgium; Anne Lejay, Department of Vascular Surgery and Kidney Transplantation,

239



University Hospital of Strasbourg, Strasbourg, France; Gustavo Oderich, Division of
Vascular Surgery and Endovascular Therapy, Advanced Aortic Research Program,
Michael E. DeBakey Department of Surgery, Baylor College of Medicine, Houston,
TX, USA; Hence J.M. Verhagen, Department of Vascular Surgery, Erasmus
University Medical Centre, Rotterdam, the Netherlands; Frank E.G. Vermassen,

Ghent University Hospital, Ghent, Belgium.

240



REFERENCES

1 Riambau V, Bockler D, Brunkwall J, Cao P, Chiesa R, Coppi G, et al. Editor’s
Choice — Management of descending thoracic aorta diseases: clinical practice
guidelines of the European Society for Vascular Surgery (ESVS). Eur J Vasc
Endovasc Surg 2017;53:4-52.

2 Wahlgren CM, Aylwin C, Davenport RA, Davidovic LB, DuBose JJ, Gaarder
C, et al. Editor’'s Choice — European Society for Vascular Surgery (ESVS)
2025 clinical practice guidelines on the management of vascular trauma. Eur
J Vasc Endovasc Surg 2025;69:179-237.

3 Antoniou GA, Bastos Gongalves F, Bjorck M, Chakfé N, Coscas R, Dias NV,
et al. Editor’'s Choice — European Society for Vascular Surgery clinical
practice guideline development scheme: an overview of evidence quality
assessment methods, evidence to decision frameworks, and reporting
standards in guideline development. Eur J Vasc Endovasc Surg 2022;63:791—
9.

4 Brouwers MC, Kho ME, Browman GP, Burgers JS, Cluzeau F, Feder G, et al.
AGREE II: advancing guideline development, reporting, and evaluation in
health care. Prev Med 2010;51:421-4.

5 Twine CP, Wanhainen A. The new European Society for Vascular Surgery
clinical practice guidelines recommendation grading system. Eur J Vasc
Endovasc Surg 2025;69:345-6.

6 Czerny M, Grabenwoger M, Berger T, Aboyans V, Della Corte A, EACTS/STS
Scientific Document Group, et al. EACTS/STS guidelines for diagnosing and
treating acute and chronic syndromes of the aortic organ. Eur J Cardiothorac

Surg 2024;65:ezad426.

241



7 Trimarchi S, Czerny M, Haulon S, van Herwaarden JA, de Kort JF, Roselli EE,
et al. Editor’'s Choice — European Society for Vascular Surgery (ESVS) 2025
clinical practice consensus statement on ascending thoracic endovascular
aortic repair. Eur J Vasc Endovasc Surg 2025;70:10-23.

8 Wanhainen A, Van Herzeele |, Bastos Goncalves F, Bellmunt Montoya S,
Berard X, Boyle JR, et al. Editor’'s Choice — European Society for Vascular
Surgery (ESVS) 2024 clinical practice guidelines on the management of
abdominal aorto-iliac artery aneurysms. Eur J Vasc Endovasc Surg
2024;67:192-331.

9 Chakfé N, Diener H, Lejay A, Assadian O, Berard X, Caillon J, et al. Editor's
Choice — European Society for Vascular Surgery (ESVS) 2020 clinical
practice guidelines on the management of vascular graft and endograft
infections. Eur J Vasc Endovasc Surg 2020;59:339-84.

10 Gil-Sala D, De Backer J, Van Herzeele I, Teixido-Tura G, Wanhainen A,
Bellmunt-Montoya S, et al. Editor’'s Choice — A European Delphi consensus
on the management of abdominal aortic aneurysms in patients with heritable
aortic diseases. Eur J Vasc Endovasc Surg 2025;69:723-31.

11 Mazzolai L, Teixido-Tura G, Lanzi S, Boc V, Bossone E, Brodmann M, et al.
2024 ESC guidelines for the management of peripheral arterial and aortic
diseases. Eur Heart J 2024,45:3538-700.

12 Gouveia e Melo R, Silva Duarte G, Lopes A, Alves M, Caldeira D, Fernandes
EFR, et al. Incidence and prevalence of thoracic aortic aneurysms: a
systematic review and meta-analysis of population-based studies. Semin

Thorac Cardiovasc Surg 2022;34:1-16.

242



13 Loftus IM, Boyle JR. A decade of centralisation of vascular services in the UK.
Eur J Vasc Endovasc Surg 2023;65:315-16.

14 Brescia AA, Patel HJ, Likosky DS, Watt TMF, Wu X, Strobel RJ, et al.
Volume—outcome relationships in surgical and endovascular repair of aortic
dissection. Ann Thorac Surg 2019;108:1299-306.

15 Birkmeyer JD, Stukel TA, Siewers AE, Goodney PP, Wennberg DE, Lucas
FL. Surgeon volume and operative mortality in the United States. N Engl J
Med 2003;349:2117-27.

16 Morche J, Mathes T, Pieper D. Relationship between surgeon volume and
outcomes: a systematic review of systematic reviews. Syst Rev 2016;5:204.

17 Sawang M, Paravastu SCV, Liu Z, Thomas SD, Beiles CB, Mwipatayi BP, et
al. The relationship between aortic aneurysm surgery volume and peri-
operative mortality in Australia. Eur J Vasc Endovasc Surg 2019;57:510-19.

18 Polanco AR, D’Angelo AM, Shea NJ, Allen P, Takayama H, Patel VI.
Increased hospital volume is associated with reduced mortality after
thoracoabdominal aortic aneurysm repair. J Vasc Surg 2021;73:451-8.

19 Locham S, Hussain F, Dakour-Aridi H, Barleben A, Lane JS, Malas M.
Hospital volume impacts the outcomes of endovascular repair of
thoracoabdominal aortic aneurysms. Ann Vasc Surg 2020;67:232-41.e2.

20 Geisbusch S, Kuehnl A, Salvermoser M, Reutersberg B, Trenner M, Eckstein
HH. Editor’'s Choice — Hospital incidence, treatment, and in hospital mortality
following open and endovascular surgery for thoraco-abdominal aortic
aneurysms in Germany from 2005 to 2014: secondary data analysis of the
nationwide German DRG microdata. Eur J Vasc Endovasc Surg

2019;57:488-98.

243



21 Rocha RV, Lindsay TF, Nasir D, Lee DS, Austin PC, Chan J, et al. Risk
factors associated with long-term mortality and complications after
thoracoabdominal aortic aneurysm repair. J Vasc Surg 2022;75:1135-41.e3.

22 Mesnard T, Dubosq M, Pruvot L, Azzaoui R, Patterson BO, Sobocinski J.
Benefits of prehabilitation before complex aortic surgery. J Clin Med
2023;12:3691.

23 Gable DR, Verhoeven E, Trimarchi S, Bockler D, Milner R, Dubenec S, et al.
Endovascular treatment for thoracic aortic disease from the Global Registry
for Endovascular Aortic Treatment. J Vasc Surg 2024;79:1044-56.e1.

24 Trimarchi S, Gleason TG, Brinster DR, Bismuth J, Bossone E, Sundt TM, et
al. Editor’'s Choice — Trends in management and outcomes of type B aortic
dissection: a report from the International Registry of Aortic Dissection. Eur J
Vasc Endovasc Surg 2023;66:775-82.

25 Hellgren T, Beck AW, Behrendt CA, Becker D, Beiles B, Boyle JR, et al.
Thoracic endovascular aortic repair practice in 13 countries: a report from
VASCUNET and the International Consortium of Vascular Registries. Ann
Surg 2022;276:e598-604.

26 Machin M, Powell JT. Developing core outcome sets for vascular conditions
across Europe, not as easy as it sounds. EJVES Vasc Forum 2023;58:1-4.

27 de Borst GJ, Boyle JR, Dick F, Kakkos SK, Mani K, Mills JL, et al. Editor’s
Choice — European Journal of Vascular and Endovascular Surgery publication
standards for reporting vascular surgical research. Eur J Vasc Endovasc Surg
2025;69:9-22.

28 Lombardi JV, Hughes GC, Appoo JJ, Bavaria JE, Beck AW, Cambria RP, et

al. Society for Vascular Surgery (SVS) and Society of Thoracic Surgeons

244



(STS) reporting standards for type B aortic dissections. J Vasc Surg
2020;71:723-47.

29 Fillinger MF, Greenberg RK, McKinsey JF, Chaikof EL, Society for Vascular
Surgery Ad Hoc Committee on TRS. Reporting standards for thoracic
endovascular aortic repair (TEVAR). J Vasc Surg 2010;52:1022-33,
1033.e15.

30 Parodi J, Berguer R, Carrascosa P, Khanafer K, Capunay C, Wizauer E.
Sources of error in the measurement of aortic diameter in computed
tomography scans. J Vasc Surg 2014;59:74-9.

31 Upchurch GR Jr, Escobar GA, Azizzadeh A, Beck AW, Conrad MF,
Matsumura JS, et al. Society for Vascular Surgery clinical practice guidelines
of thoracic endovascular aortic repair for descending thoracic aortic
aneurysms. J Vasc Surg 2021;73(1S):55S-83S.

32 Garg I, Siembida JM, Hedgire S, Priya S, Nagpal P. Computed tomography
angiography for aortic diseases. Radiol Clin North Am 2024,62:509-25.

33 Bade-Boon J, Mathew JK, Fitzgerald MC, Mitra B. Do patients with blunt
thoracic aortic injury present to hospital with unstable vital signs? A
systematic review and meta-analysis. Emerg Med J 2018;35:231-7.

34 Mussa FF, Coselli JS, Eagle KA. Feasibility of a proposed randomized trial in
patients with uncomplicated descending thoracic aortic dissection: results of
worldwide survey. Am Heart J 2016;181:137-44.

35 Quint LE, Francis IR, Williams DM, Bass JC, Shea MJ, Frayer DL, et al.
Evaluation of thoracic aortic disease with the use of helical CT and multiplanar
reconstructions: comparison with surgical findings. Radiology 1996;201:37—

41].

245



36 Hiratzka LF, Bakris GL, Beckman JA, Bersin RM, Carr VF, Casey DE Jr, et al.
2010 ACCF/AHA/AATS/ACR/ASA/SCA/SCAI/SIRISTS/SVM guidelines for the
diagnosis and management of patients with thoracic aortic disease: executive
summary. A report of the American College of Cardiology
Foundation/American Heart Association Task Force on Practice Guidelines,
American Association for Thoracic Surgery, American College of Radiology,
American Stroke Association, Society of Cardiovascular Anesthesiologists,
Society for Cardiovascular Angiography and Interventions, Society of
Interventional Radiology, Society of Thoracic Surgeons, and Society for
Vascular Medicine. Catheter Cardiovasc Interv 2010;76:E43-86.

37 Thierfelder KM, Baumann AB, Sommer WH, Armbruster M, Opherk C,
Janssen H, et al. Vertebral artery hypoplasia: frequency and effect on
cerebellar blood flow characteristics. Stroke 2014,45:1363-8.

38 Bachrati PZ, La Torre G, Chowdhury MM, Healy SJ, Singh AA, Boyle JR. A
state-of-the-art review of intra-operative imaging modalities used to quality
assure endovascular aneurysm repair. J Clin Med 2023;12:3167.

39 Doelare SAN, Smorenburg SPM, van Schaik TG, Blankensteijn JD, Wisselink
W, Nederhoed JH, et al. Image fusion during standard and complex
endovascular aortic repair, to fuse or not to fuse? A meta-analysis and
additional data from a single-center retrospective cohort. J Endovasc Ther
2021;28:78-92.

40 Modarai B, Haulon S, Ainsbury E, Bockler D, Vano-Carruana E, Dawson J, et
al. Editor’s Choice — European Society for Vascular Surgery (ESVS) 2023
clinical practice guidelines on radiation safety. Eur J Vasc Endovasc Surg

2023:65:171-222.

246



41 Makaloski V, Spanos K, Schmidli J, Kolbel T. Surveillance after endovascular
treatment for blunt thoracic aortic injury. Eur J Vasc Endovasc Surg
2018;55:303-4.

42 Lunyera J, Mohottige D, Alexopoulos AS, Campbell H, Cameron CB, Sagalla
N, et al. Risk for nephrogenic systemic fibrosis after exposure to newer
gadolinium agents: a systematic review. Ann Intern Med 2020;173:110-19.

43 Righini P, Secchi F, Mazzaccaro D, Giese D, Galligani M, Avishay D, et al.
Four-dimensional flow MRI for the evaluation of aortic endovascular graft: a
pilot study. Diagnostics (Basel) 2023;13:2113.

44 Evangelista A, Flachskampf FA, Erbel R, Antonini-Canterin F, Vlachopoulos
C, Rocchi G, et al. Echocardiography in aortic diseases: EAE
recommendations for clinical practice. Eur J Echocardiogr 2010;11:645-58.

45 Shiga T, Wajima Z, Apfel CC, Inoue T, Ohe Y. Diagnostic accuracy of
transesophageal echocardiography, helical computed tomography, and
magnetic resonance imaging for suspected thoracic aortic dissection:
systematic review and meta-analysis. Arch Intern Med 2006;166:1350-6.

46 Munshi B, Ritter JC, Doyle BJ, Norman PE. Management of acute type B
aortic dissection. ANZ J Surg 2020;90:2425-33.

47 Michel-Cherqui M, Ceddaha A, Liu N, Schlumberger S, Szekely B, Brusset A,
et al. Assessment of systematic use of intraoperative transesophageal
echocardiography during cardiac surgery in adults: a prospective study of 203
patients. J Cardiothorac Vasc Anesth 2000;14:45-50.

48 Shimoda T, D’Oria M, Kuno T, Heindel P, Lepidi S, Hussain MA, et al.

Comparative effectiveness of intravascular ultrasound versus angiography in

247



abdominal and thoracic endovascular aortic repair: systematic review and
meta-analysis. Am J Cardiol 2024;223:81-91.

49 Deeb GM, Patel HJ, Williams DM. Treatment for malperfusion syndrome in
acute type A and B aortic dissection: a long-term analysis. J Thorac
Cardiovasc Surg 2010;140(6 Suppl.):S98-100; discussion S142-6.

50 Hasse B, Ledergerber B, Van Hemelrijck M, Frank M, Huellner MW,
Muehlematter UJ, et al. 18F-fluorodeoxyglucose uptake patterns in positron
emission tomography/computed tomography caused by inflammation and/or
infection after graft surgery for thoracic aortic dissection. J Nucl Cardiol
2024;36:101865.

51 Estrada P, Dominguez-Alvaro M, Melero-Gonzalez RB, de Miguel E, Silva-
Diaz M, Valero JA, et al. 18F-FDG-PET/CT scan for detection of large vessel
involvement in giant cell arteritis: Arteser Spanish Registry. J Clin Med
2024;13:6215.

52 Halvorsen S, Mehilli J, Cassese S, Hall TS, Abdelhamid M, Barbato E, et al.
2022 ESC guidelines on cardiovascular assessment and management of
patients undergoing non-cardiac surgery. Eur Heart J 2022;43:3826—-924.

53 Thompson A, Fleischmann KE, Smilowitz NR, de Las Fuentes L, Mukherjee
D, Aggarwal NR, et al. 2024
AHA/ACC/ACS/ASNC/HRS/SCA/SCCT/SCMR/SVM guideline for
perioperative cardiovascular management for noncardiac surgery: a report of
the American College of Cardiology/American Heart Association Joint
Committee on Clinical Practice Guidelines. Circulation 2024;150:e351—-442.

54 Rocha RV, Lindsay TF, Friedrich JO, Shan S, Sinha S, Yanagawa B, et al.

Systematic review of contemporary outcomes of endovascular and open

248



thoracoabdominal aortic aneurysm repair. J Vasc Surg 2020;71:1396—
412.e12.

55 Banks CA, Novak Z, Spangler EL, Schanzer A, Farber MA, Sweet MP, et al.
Preoperative risk factors for 1-year mortality in patients undergoing
fenestrated endovascular aortic aneurysm repair in the US Aortic Research
Consortium. J Vasc Surg 2024,80:724-35.e3.

56 Coselli JS, de la Cruz KI, Preventza O, LeMaire SA, Weldon SA. Extent Il
thoracoabdominal aortic aneurysm repair: how I do it. Semin Thorac
Cardiovasc Surg 2016;28:221-37.

57 Spath P, Tsilimparis N, Gallitto E, Becker D, Vacirca A, Berekoven B, et al.
Endovascular repair of 100 urgent and emergent free or contained
thoracoabdominal aortic aneurysms ruptures. An international multicenter
trans-Atlantic experience. Ann Surg 2025;281:522-31.

58 Oderich GS, Huang Y, Harmsen WS, Tenorio ER, Schanzer A, Timaran CH,
et al. Early and late aortic-related mortality and rupture after fenestrated-
branched endovascular aortic repair of thoracoabdominal aortic aneurysms: a
prospective multicenter cohort study. Circulation 2024;150:1343-53.

59 Coselli JS, LeMaire SA, Preventza O, de la Cruz KI, Cooley DA, Price MD, et
al. Outcomes of 3309 thoracoabdominal aortic aneurysm repairs. J Thorac
Cardiovasc Surg 2016;151:1323-37.

60 Flanagan CP, Crawford AS, Arous EJ, Aiello FA, Schanzer A, Simons JP.
Preoperative functional status predicts 2-year mortality in patients undergoing
fenestrated/branched endovascular aneurysm repair. J Vasc Surg

2021:74:383-95.

249



61 O’Donnell TFX, Patel PB, Marcaccio CL, Dansey KD, Swerdlow NJ, Rastogi
V, et al. Outcomes of complex endovascular treatment of post-dissection
aneurysms. Eur J Vasc Endovasc Surg 2023;66:58—-66.

62 Hollier LH, Kazmier FJ, Ochsner J, Bowen JC, Procter CD. “Shaggy” aorta
syndrome with atheromatous embolization to visceral vessels. Ann Vasc Surg
1991:5:439-44.

63 Ribeiro M, Oderich GS, Macedo T, Vrtiska TJ, Hofer J, Chini J, et al.
Assessment of aortic wall thrombus predicts outcomes of endovascular repair
of complex aortic aneurysms using fenestrated and branched endografts. J
Vasc Surg 2017;66:1321-33.

64 Rinaldi E, Loschi D, Santoro A, Bilman V, De Freitas DM, Campesi C, et al. A
comparison of thoracoabdominal aortic aneurysms open repair in patients
with or without “shaggy aorta”. J Vasc Surg 2023;77:347-56.e2.

65 Patel SD, Constantinou J, Hamilton H, Davis M, Ivancev K. Editor’s choice —
A shaggy aorta is associated with mesenteric embolisation in patients
undergoing fenestrated endografts to treat paravisceral aortic aneurysms. Eur
J Vasc Endovasc Surg 2014;47:374-9.

66 Franchin M, Mauri F, Fontana F, Piacentino F, Guzzetti L, Jubouri M, et al.
Organ ischaemia after thoracic endovascular aortic repair. Eur J Cardiothorac
Surg 2023;64:ezad238.

67 Maeda K, Ohki T, Kanaoka Y, Shukuzawa K, Baba T, Momose M. A novel
shaggy aorta scoring system to predict embolic complications following
thoracic endovascular aneurysm repair. Eur J Vasc Endovasc Surg

2020;60:57-66.

250



68 Nemoto M, Hoshina K, Takayama T, Miura S, Nakazawa T, Kato M, et al.
Statins reduce extensive aortic atheromas in patients with abdominal aortic
aneurysms. Ann Vasc Dis 2013;6:711-17.

69 Tunick PA, Nayar AC, Goodkin GM, Mirchandani S, Francescone S,
Rosenzweig BP, et al. Effect of treatment on the incidence of stroke and other
emboli in 519 patients with severe thoracic aortic plaque. Am J Cardiol
2002;90:1320-5.

70 Coselli JS, Amarasekara HS, Zhang Q, Preventza O, de la Cruz KI,
Chatterjee S, et al. The impact of preoperative chronic kidney disease on
outcomes after Crawford extent Il thoracoabdominal aortic aneurysm repairs.
J Thorac Cardiovasc Surg 2018;156:2053—-64.e1.

71 Novak Z, Zaky A, Spangler EL, McFarland GE, Tolwani A, Beck AW.
Incidence and predictors of early and delayed renal function decline after
aortic aneurysm repair in the Vascular Quality Initiative database. J Vasc Surg
2021;74:1537-47.

72 Brown CR, Chen Z, Khurshan F, Kreibich M, Bavaria J, Groeneveld P, et al.
Outcomes after thoracic endovascular aortic repair in patients with chronic
kidney disease in the Medicare population. J Thorac Cardiovasc Surg
2020;159:402-13.

73 Girardi LN, Lau C, Munjal M, Elsayed M, Gambardella I, Ohmes LB, et al.
Impact of preoperative pulmonary function on outcomes after open repair of
descending and thoracoabdominal aortic aneurysms. J Thorac Cardiovasc
Surg 2017;153:522-9.e2.

74 Orozco-Sevilla V, Ryan CT, Rebello KR, Nguyen LH, Cook 10, Etheridge GM,

et al. The severity of chronic obstructive pulmonary disease is associated with

251



adverse outcomes after open thoracoabdominal aortic aneurysm repair. J
Thorac Cardiovasc Surg 2024;168:1603-13.e4.

75 Duceppe E, Heels-Ansdell D, Devereaux PJ. Preoperative N-terminal pro-B-
type natriuretic peptide and cardiovascular events after noncardiac surgery.
Ann Intern Med 2020;172:843.

76 Weber M, Luchner A, Seeberger M, Mueller C, Liebetrau C, Schlitt A, et al.
Incremental value of high-sensitive troponin T in addition to the revised
cardiac index for peri-operative risk stratification in non-cardiac surgery. Eur
Heart J 2013;34:853-62.

77 Bainey KR, Alemayehu W, Welsh RC, Kumar A, King SB 3rd, Kirtane AJ.
Long-term clinical outcomes following revascularization in high-risk coronary
anatomy patients with stable ischemic heart disease. J Am Heart Assoc
2021;10:e018104.

78 Girardi LN, Rabotnikov Y, Avgerinos DV. Preoperative percutaneous coronary
intervention in patients undergoing open thoracoabdominal and descending
thoracic aneurysm repair. J Thorac Cardiovasc Surg 2014;147:163-8.

79 Beaulieu RJ, Sutzko DC, Albright J, Jeruzal E, Osborne NH, Henke PK.
Association of high mortality with postoperative myocardial infarction after
major vascular surgery despite use of evidence-based therapies. JAMA Surg
2020;155:131-7.

80 Naylor R, Rantner B, Ancetti S, de Borst GJ, De Carlo M, Halliday A, et al.
Editor’s Choice — European Society for Vascular Surgery (ESVS) 2023 clinical
practice guidelines on the management of atherosclerotic carotid and

vertebral artery disease. Eur J Vasc Endovasc Surg 2023;65:7-111.

252



81 Feridooni T, Gordon L, Mahmood DN, Behdinan A, Eisenberg N, Crawford S,
et al. Age is not a sole predictor of outcomes in octogenarians undergoing
complex endovascular aortic repair. J Vasc Surg 2024;80:630-9.

82 Wijeysundera DN, Pearse RM, Shulman MA, Abbott TEF, Torres E, Ambosta
A, et al. Assessment of functional capacity before major non-cardiac surgery:
an international, prospective cohort study. Lancet 2018;391:2631-40.

83 Robinson TN, Walston JD, Brummel NE, Deiner S, Brown CH 4th, Kennedy
M, et al. Frailty for surgeons: review of a National Institute on Aging
conference on frailty for specialists. J Am Coll Surg 2015;221:1083-92.

84 Cederholm T, Bosaeus I, Barazzoni R, Bauer J, Van Gossum A, Klek S, et al.
Diagnostic criteria for malnutrition — an ESPEN consensus statement. Clin
Nutr 2015;34:335-40.

85 Wohlauer M, Brier C, Kuramochi Y, Eagleton M. Preoperative
hypoalbuminemia is a risk factor for early and late mortality in patients
undergoing endovascular juxtarenal and thoracoabdominal aortic aneurysm
repair. Ann Vasc Surg 2017;42:198-204.

86 Karkkainen JM, Cirillo-Penn NC, Sen |, Tenorio ER, Mauermann WJ, Gilkey
GD, et al. Cerebrospinal fluid drainage complications during first stage and
completion fenestrated-branched endovascular aortic repair. J Vasc Surg
2020;71:1109-18.€e2.

87 Mezzetto L, D’Oria M, Mani K, Scali S, Bastos Goncalves F, Trimarchi S, et
al. Scoping review of radiologic assessment and prognostic impact of skeletal
muscle sarcopenia in patients undergoing endovascular repair for aortic

disease. J Vasc Surg 2022;76:1407-16.

253



88 Chatterjee S, Shi A, Yoon L, Green SY, Zhang Q, Amarasekara HS, et al.
Effect of sarcopenia on survival and spinal cord deficit outcomes after
thoracoabdominal aortic aneurysm repair in patients 60 years of age and
older. J Thorac Cardiovasc Surg 2023;165:1985-96.e3.

89 Paajanen P, Karkkainen JM, Tenorio ER, Mendes BC, Oderich GS. Effect of
patient frailty status on outcomes of fenestrated-branched endovascular aortic
repair for complex abdominal and thoracoabdominal aortic aneurysms. J Vasc
Surg 2022;76:1170-9.e2.

90 Ramirez JL, Zarkowsky DS, Boitano LT, Conrad MF, Arya S, Gasper WJ, et
al. A novel preoperative risk score for nonhome discharge after elective
thoracic endovascular aortic repair. J Vasc Surg 2021;73:1549-56.

91 Naazie IN, Gupta JD, Azizzadeh A, Arbabi C, Zarkowsky D, Malas MB. Risk
calculator predicts 30-day mortality after thoracic endovascular aortic repair
for intact descending thoracic aortic aneurysms in the Vascular Quality
Initiative. J Vasc Surg 2022;75:833-41.el.

92 Lampridou S, Saghdaoui LB, Bicknell C, Kumlien C, Lear R. Health related
quality of life following intervention for thoracoabdominal aortic aneurysm: a
systematic review and narrative synthesis. Ann Vasc Surg 2024;101:105-19.

93 Koenders N, van Zetten H, Smulders M, Verra ML, van Kimmenade RRJ, van
Brakel T, et al. Outcomes after cardiac rehabilitation in patients following
repair of thoracic aortic aneurysm or dissection: a protocol for a systematic
review and meta-analysis. Syst Rev 2023;12:16.

94 Allar BG, Swerdlow NJ, de Guerre L, Dansey KD, Li C, Wang GJ, et al.
Preoperative statin therapy is associated with higher 5-year survival after

thoracic endovascular aortic repair. J Vasc Surg 2021;74:1996—-2005.

254



95 Stein LH, Berger J, Tranquilli M, Elefteraides JA. Effect of statin drugs on
thoracic aortic aneurysms. Am J Cardiol 2013;112:1240-5.

96 Rinaldi E, Melloni A, Gallitto E, Fargion A, Isernia G, Kahlberg A, et al. Spinal
cord ischemia after thoracoabdominal aortic aneurysms endovascular repair:
from the Italian Multicenter Fenestrated/Branched Endovascular Aneurysm
Repair Registry. J Endovasc Ther 2023;30:281-8.

97 Karkkainen JM, Oderich GS, Tenorio ER, Pather K, Oksala N, Macedo TA, et
al. Psoas muscle area and attenuation are highly predictive of complications
and mortality after complex endovascular aortic repair. J Vasc Surg
2021;73:1178-88.e1.

98 Isselbacher EM, Preventza O, Hamilton Black J 3rd, Augoustides JG, Beck
AW, Bolen MA, et al. 2022 ACC/AHA guideline for the diagnosis and
management of aortic disease: a report of the American Heart
Association/American College of Cardiology Joint Committee on Clinical
Practice Guidelines. Circulation 2022;146:e334-482.

99 Isselbacher EM. Thoracic and abdominal aortic aneurysms. Circulation
2005;111:816-28.

100 Peters PNJ, Van Der Zande JA, De Backer J, Jondeau G, Ahmad O,
Richardson M, et al. Pregnancy outcomes in women with heritable thoracic
aortic disease: data from the EORP ESC Registry of Pregnancy and Cardiac
disease (ROPAC) lll. Eur Heart J Qual Care Clin Outcomes 2025;11:1091—-
107.

101 Lindley KJ, Bairey Merz CN, Asgar AW, Bello NA, Chandra S, Davis

MB, et al. Management of women with congenital or inherited cardiovascular

255



disease from pre-conception through pregnancy and postpartum: JACC
Focus Seminar 2/5. J Am Coll Cardiol 2021;77:1778-98.

102 Braverman AC, Mittauer E, Harris KM, Evangelista A, Pyeritz RE,
Brinster D, et al. Clinical features and outcomes of pregnancy-related acute
aortic dissection. JAMA Cardiol 2021;6:58-66.

103 Duarte VE, Richardson JN, Singh MN. The impact of pregnancy in
patients with thoracic aortic disease: epidemiology, risk assessment, and
management considerations. Methodist Debakey Cardiovasc J 2024;20:51-8.

104 Feezor RJ, Martin TD, Hess PJ, Klodell CT, Beaver TM, Huber TS, et
al. Risk factors for perioperative stroke during thoracic endovascular aortic
repairs (TEVAR). J Endovasc Ther 2007;14:568-73.

105 Matsumura JS, Lee WA, Mitchell RS, Farber MA, Murad MH, Lumsden
AB, et al. The Society for Vascular Surgery practice guidelines: management
of the left subclavian artery with thoracic endovascular aortic repair. J Vasc
Surg 2009;50:1155-8.

106 Alanezi T, Altoijry A, AlSheikh S, Al-Mubarak H, Alhamzah M, Alomran
F, et al. Predicting the need for subclavian artery revascularization in thoracic
endovascular aortic repair: a systematic review and meta-analysis. J Vasc
Surg 2024;80:922-36.e5.

107 Hajibandeh S, Hajibandeh S, Antoniou SA, Torella F, Antoniou GA.
Meta-analysis of left subclavian artery coverage with and without
revascularization in thoracic endovascular aortic repair. J Endovasc Ther

2016;23:634-41.

256



108 Huang Q, Chen XM, Yang H, Lin QN, Qin X. Effect of left subclavian
artery revascularisation in thoracic endovascular aortic repair: a systematic
review and meta-analysis. Eur J Vasc Endovasc Surg 2018;56:644-51.

109 Chen X, Wang J, Premaratne S, Zhao J, Zhang WW. Meta-analysis of
the outcomes of revascularization after intentional coverage of the left
subclavian artery for thoracic endovascular aortic repair. J Vasc Surg
2019;70:1330-40.

110 Batubara EAD, Nugraha RA, Amshar M, Siddiq T, Indriani S, Adiarto S.
Ischemic complications following thoracic endovascular aortic repair with and
without revascularization of left subclavian artery: a systematic review and
meta-analysis. Ann Vasc Surg 2022;86:417-27.

111 Lin F, He Z, Gao J, Huang X, Wang H, Han L, et al. Comparison of
surgical and endovascular left subclavian artery revascularization during
thoracic aortic endovascular repair: a systematic review and meta-analysis.
Front Cardiovasc Med 2023;10:1274629.

112 Kanaoka Y, Ohki T, Maeda K, Shukuzawa K, Baba T, Tezuka M, et al.
Outcomes of chimney thoracic endovascular aortic repair for an aortic arch
aneurysm. Ann Vasc Surg 2020;66:212-19.

113 Scali ST, Chang CK, Pape SG, Feezor RJ, Berceli SA, Huber TS, et al.
Subclavian revascularization in the age of thoracic endovascular aortic repair
and comparison of outcomes in patients with occlusive disease. J Vasc Surg
2013;58:901-9.

114 Protack CD, Smith A, Moennich LA, Hardy D, Lyden SP, Farivar BS.
Midterm outcomes of subclavian artery revascularization in the setting of

thoracic endovascular aortic repair. J Vasc Surg 2020;72:1222-8.

257



115 Parker MH, Colpitts DK, Gilson GF, Ryan L, Mukherjee D. Carotid—
axillary bypass as an alternative to carotid—subclavian bypass following
coverage of left subclavian artery during TEVAR. Vasc Endovascular Surg
2021;55:265-8.

116 Zhang Y, Xie X, Yuan Y, Hu C, Wang E, Zhao Y, et al. Comparison of
techniques for left subclavian artery preservation during thoracic endovascular
aortic repair: a systematic review and single-arm meta-analysis of both
endovascular and surgical revascularization. Front Cardiovasc Med
2022;9:991937.

117 Dean A, Wanhainen A, Mani K, Kuzniar M, Grima M, Zuccon G, et al.
In situ laser fenestrations of aortic endografts for emergent aortic disease.
Ann Vasc Surg 2023;93:329-37.

118 Simon F, Wagenhauser MU, Busch A, Schelzig H, Gombert A.
Arteriogenesis of the spinal cord—the network challenge. Cells 2020;9:501.

119 Griepp EB, Griepp RB. The collateral network concept: minimizing
paraplegia secondary to thoracoabdominal aortic aneurysm resection. Tex
Heart Inst J 2010;37:672—4.

120 Romi F, Naess H. Spinal cord infarction in clinical neurology: a review
of characteristics and long-term prognosis in comparison to cerebral
infarction. Eur Neurol 2016;76:95-8.

121 Conrad MF, Ye JY, Chung TK, Davison JK, Cambria RP. Spinal cord
complications after thoracic aortic surgery: long-term survival and functional
status varies with deficit severity. J Vasc Surg 2008;48:47-53.

122 Heidemann F, Kolbel T, Kuchenbecker J, Kreutzburg T, Debus ES,

Larena-Avellaneda A, et al. Incidence, predictors, and outcomes of spinal

258



cord ischemia in elective complex endovascular aortic repair: an analysis of
health insurance claims. J Vasc Surg 2020;72:837-48.

123 Aucoin VJ, Motyl CM, Novak Z, Eagleton MJ, Farber MA, Gasper W, et
al. Predictors and outcomes of spinal cord injury following complex
branched/fenestrated endovascular aortic repair in the US Aortic Research
Consortium. J Vasc Surg 2023;77:1578-87.

124 Coselli JS, LeMaire SA, Koksoy C, Schmittling ZC, Curling PE.
Cerebrospinal fluid drainage reduces paraplegia after thoracoabdominal aortic
aneurysm repair: results of a randomized clinical trial. J Vasc Surg
2002;35:631-9.

125 Tenorio ER, Ribeiro MS, Banga PV, Mendes BC, Karkkainen J,
DeMartino RR, et al. Prospective assessment of a protocol using
neuromonitoring, early limb reperfusion, and selective temporary aneurysm
sac perfusion to prevent spinal cord injury during fenestrated-branched
endovascular aortic repair. Ann Surg 2022;276:1028-34.

126 Wong CS, Healy D, Canning C, Coffey JC, Boyle JR, Walsh SR. A
systematic review of spinal cord injury and cerebrospinal fluid drainage after
thoracic aortic endografting. J Vasc Surg 2012;56:1438-47.

127 Dijkstra ML, Vainas T, Zeebregts CJ, Hooft L, van der Laan MJ.
Editor’s Choice — Spinal cord ischaemia in endovascular thoracic and thoraco-
abdominal aortic repair: review of preventive strategies. Eur J Vasc Endovasc
Surg 2018;55:829-41.

128 Sickels AD, Novak Z, Scali ST, St John R, Pearce BJ, Rowse JW, et al.

A prevention protocol reduces spinal cord ischemia in patients undergoing

259



branched/fenestrated endovascular aortic repair. J Vasc Surg 2025;81:29—
37.e4.

129 Aucoin VJ, Eagleton MJ, Farber MA, Oderich GS, Schanzer A, Timaran
CH, et al. Spinal cord protection practices used during endovascular repair of
complex aortic aneurysms by the U.S. Aortic Research Consortium. J Vasc
Surg 2021,73:323-30.

130 Brisard L, El Batti S, Borghese O, Maurel B. Risk factors for spinal cord
injury during endovascular repair of thoracoabdominal aneurysm: review of
the literature and proposal of a prognostic score. J Clin Med 2023;12:7520.

131 Marcondes GB, Cirillo-Penn NC, Tenorio ER, Adam DJ, Timaran C,
Austermann MJ, et al. Multicenter study to evaluate endovascular repair of
extent I-1ll thoracoabdominal aneurysms without prophylactic cerebrospinal
fluid drainage. Ann Surg 2023;278:396—404.

132 Kitpanit N, Ellozy SH, Connolly PH, Agrusa CJ, Lichtman AD,
Schneider DB. Risk factors for spinal cord injury and complications of
cerebrospinal fluid drainage in patients undergoing fenestrated and branched
endovascular aneurysm repair. J Vasc Surg 2021;73:399-409.e1l.

133 Maurel B, Delclaux N, Sobocinski J, Hertault A, Martin-Gonzalez T,
Moussa M, et al. The impact of early pelvic and lower limb reperfusion and
attentive peri-operative management on the incidence of spinal cord ischemia
during thoracoabdominal aortic aneurysm endovascular repair. Eur J Vasc
Endovasc Surg 2015;49:248-54.

134 Petroff D, Czerny M, Kolbel T, Melissano G, Lonn L, Haunschild J, et
al. Paraplegia prevention in aortic aneurysm repair by thoracoabdominal

staging with ‘minimally invasive staged segmental artery coil embolisation’

260



(MIS?ACE): trial protocol for a randomised controlled multicentre trial. BMJ
Open 2019;9:e025488.

135 Kasprzak PM, Gallis K, Cucuruz B, Pfister K, Janotta M, Kopp R.
Editor’s choice — Temporary aneurysm sac perfusion as an adjunct for
prevention of spinal cord ischemia after branched endovascular repair of
thoracoabdominal aneurysms. Eur J Vasc Endovasc Surg 2014;48:258-65.

136 Williams JA, Loeys BL, Nwakanma LU, Dietz HC, Spevak PJ, Patel
ND, et al. Early surgical experience with Loeys—Dietz: a new syndrome of
aggressive thoracic aortic aneurysm disease. Ann Thorac Surg
2007,83:S757-63; discussion S785-90.

137 Etz CD, Kari FA, Mueller CS, Brenner RM, Lin HM, Griepp RB. The
collateral network concept: remodeling of the arterial collateral network after
experimental segmental artery sacrifice. J Thorac Cardiovasc Surg
2011;141:1029-36.

138 Bischoff MS, Scheumann J, Brenner RM, Ladage D, Bodian CA,
Kleinman G, et al. Staged approach prevents spinal cord injury in hybrid
surgical-endovascular thoracoabdominal aortic aneurysm repair: an
experimental model. Ann Thorac Surg 2011;92:138-46; discussion 146.

139 Bertoglio L, Katsarou M, Loschi D, Rinaldi E, Mascia D, Kahlberg A, et
al. Elective multistaged endovascular repair of thoraco-abdominal aneurysms
with fenestrated and branched endografts to mitigate spinal cord ischaemia.
Eur J Vasc Endovasc Surg 2020;59:565-76.

140 Dias-Neto M, Tenorio ER, Huang Y, Jakimowicz T, Mendes BC, Kolbel

T, et al. Comparison of single- and multistage strategies during fenestrated-

261



branched endovascular aortic repair of thoracoabdominal aortic aneurysms. J
Vasc Surg 2023;77:1588-97.e4.

141 Khan SN, Stansby G. Cerebrospinal fluid drainage for thoracic and
thoracoabdominal aortic aneurysm surgery. Cochrane Database Syst Rev
2012;10:CD003635.

142 Gombert A, Frankort J, Keszei A, Muller O, Benning J, Kotelis D, et al.
Outcome of elective and emergency open thoraco-abdominal aortic aneurysm
repair in 255 cases: a retrospective single centre study. Eur J Vasc Endovasc
Surg 2022;63:578-86.

143 Frankort J, Mees B, Doukas P, Keszei A, Kontopodis N, Antoniou GA,
et al. Systematic review of the effect of cerebrospinal fluid drainage on
outcomes after endovascular descending thoracic/thoraco-abdominal aortic
aneurysm repair. Eur J Vasc Endovasc Surg 2023;66:501-12.

144 Rong LQ, Kamel MK, Rahouma M, White RS, Lichtman AD, Pryor KO,
et al. Cerebrospinal-fluid drain-related complications in patients undergoing
open and endovascular repairs of thoracic and thoraco-abdominal aortic
pathologies: a systematic review and meta-analysis. Br J Anaesth
2018;120:904-13.

145 Karkkainen JM, Tenorio ER, Jain A, Mendes BC, Macedo TA, Pather
K, et al. Outcomes of target vessel endoleaks after fenestrated-branched
endovascular aortic repair. J Vasc Surg 2020;72:445-55.

146 Juszczak MT, Murray A, Koutsoumpelis A, Vezzosi M, Mascaro J,
Claridge M, et al. Elective fenestrated and branched endovascular thoraco-

abdominal aortic repair with supracoeliac sealing zones and without

262



prophylactic cerebrospinal fluid drainage: early and medium-term outcomes.
Eur J Vasc Endovasc Surg 2019;57:639-48.

147 Blakeslee-Carter J, Novak Z, Jansen JO, Schanzer A, Eagleton MJ,
Farber MA, et al. Prospective randomized pilot trial comparing prophylactic
and therapeutic cerebrospinal fluid drainage during complex endovascular
thoracoabdominal aortic aneurysm repair. J Vasc Surg 2024,;80:11-19.

148 Tanaka Y, Kawaguchi M, Noguchi Y, Yoshitani K, Kawamata M, Masui
K, et al. Systematic review of motor evoked potentials monitoring during
thoracic and thoracoabdominal aortic aneurysm open repair surgery: a
diagnostic meta-analysis. J Anesth 2016;30:1037-50.

149 Tanaka A, Nguyen H, Smith HN, Estrera AL. Neuromonitoring for
descending thoracic and thoracoabdominal aortic aneurysm repair. Ann
Cardiothorac Surg 2023;12:509-10.

150 Thet MS, D’Oria M, Sef D, Klokocovnik T, Oo AY, Lepidi S.
Neuromonitoring during endovascular thoracoabdominal aortic aneurysm
repair: a systematic review. Ann Vasc Surg 2024;109:206-15.

151 Boezeman RP, van Dongen EP, Morshuis WJ, Sonker U, Boezeman
EH, Waanders FG, et al. Spinal near-infrared spectroscopy measurements
during and after thoracoabdominal aortic aneurysm repair: a pilot study. Ann
Thorac Surg 2015;99:1267-74.

152 Vanpeteghem CM, Van de Moortel LMM, De Hert SG, Moerman AT.
Assessment of spinal cord ischemia with near-infrared spectroscopy: myth or
reality? J Cardiothorac Vasc Anesth 2020;34:791-6.

153 Gombert A, Ruckbeil MV, Kotelis D, Burger S, Brugmayer T, Mess WH,

et al. Assessment of neurone-specific enolase, glial fibrillary acidic protein and

263



S100 B as spinal cord ischemia biomarkers in patients undergoing open and
endovascular complex aortic surgery: a single-center experience. Ann Vasc
Surg 2020;66:424-33.

154 Lases EC, Schepens MA, Haas FJ, Aarts LP, ter Beek HT, van Dongen
EP, et al. Clinical prospective study of biochemical markers and evoked
potentials for identifying adverse neurological outcome after thoracic and
thoracoabdominal aortic aneurysm surgery. Br J Anaesth 2005;95:651-61.

155 Sickels AD, Novak Z, Schanzer A, Farber MA, Sweet MP, Oderich GS,
et al. Evolving practices of spinal drain use for branch/fenestrated
endovascular aortic repair patients in the United States Aortic Research
Consortium. J Vasc Surg 2025;81:1266—77.el.

156 von Allmen RS, Gahl B, Powell JT. Editor’'s Choice — Incidence of
stroke following thoracic endovascular aortic repair for descending aortic
aneurysm: a systematic review of the literature with meta-analysis. Eur J Vasc
Endovasc Surg 2017;53:176-84.

157 Haulon S, Greenberg RK, Spear R, Eagleton M, Abraham C, Lioupis C,
et al. Global experience with an inner branched arch endograft. J Thorac
Cardiovasc Surg 2014;148:1709-16.

158 Ferrer C, Coscarella C, Cao P. Endovascular repair of aortic arch
disease with double inner branched thoracic stent graft: the Bolton
perspective. J Cardiovasc Surg (Torino) 2018;59:547-53.

159 Ma Y, Siddiqui MS, Farhan SA, Albuquerque FC, Larson RA, Levy MM,
et al. A meta-analysis on the effect of proximal landing zone location on stroke
and mortality in thoracic endovascular aortic repair. J Vasc Surg

2023;78:1559-66.e5.

264



160 Nana P, Spanos K, Panuccio G, Rohlffs F, Detter C, von Kodolitsch Y,
et al. Branched and fenestrated endovascular aortic arch repair in patients
with native proximal aortic landing zone. J Vasc Surg 2024;80:621-9.e3.

161 Harloff A, Strecker C, Dudler P, Nussbaumer A, Frydrychowicz A,
Olschewski M, et al. Retrograde embolism from the descending aorta:
visualization by multidirectional 3D velocity mapping in cryptogenic stroke.
Stroke 2009;40:1505-8.

162 Muth CM, Shank ES. Gas embolism. N Engl J Med 2000;342:476-82.

163 Grover G, Perera AH, Hamady M, Rudarakanchana N, Barras CD,
Singh A, et al. Cerebral embolic protection in thoracic endovascular aortic
repair. J Vasc Surg 2018;68:1656—-66.

164 Seike Y, Matsuda H, Fukuda T, Inoue Y, Omura A, Uehara K, et al.
Total arch replacement versus debranching thoracic endovascular aortic
repair for aortic arch aneurysm: what indicates a high-risk patient for arch
repair in octogenarians? Gen Thorac Cardiovasc Surg 2018;66:263-9.

165 Tsilimparis N, Detter C, Law Y, Rohlffs F, Heidemann F, Brickwedel J,
et al. Single-center experience with an inner branched arch endograft. J Vasc
Surg 2019;69:977-85.e1.

166 Hanna L, Sounderajah V, Abdullah AA, Marshall DC, Salciccioli JD,
Shalhoub J, et al. Trends in thoracic aortic aneurysm hospital admissions,
interventions, and mortality in England between 1998 and 2020: an
observational study. Eur J Vasc Endovasc Surg 2022;64:340-8.

167 Kolbel T, Rohlffs F, Wipper S, Carpenter SW, Debus ES, Tsilimparis N.
Carbon dioxide flushing technique to prevent cerebral arterial air embolism

and stroke during TEVAR. J Endovasc Ther 2016;23:393-5.

265



168 Charbonneau P, Kolbel T, Rohlffs F, Eilenberg W, Planche O,
Bechstein M, et al. Silent brain infarction after endovascular arch procedures:
preliminary results from the STEP registry. Eur J Vasc Endovasc Surg
2021;61:239-45.

169 Crockett S, Hanna L, Singh A, Gunning S, Nicholas R, Bicknell C, et al.
Carbon dioxide flushing versus saline flushing of thoracic aortic stents
(INTERCEPTevar): protocol for a multicentre pilot randomised controlled trial.
BMJ Open 2023;13:e067605.

170 Gallitto E, Faggioli G, Vacirca A, Tenorio ER, Mendes BC, Lodato M, et
al. Editor’'s Choice — Hybrid stent graft technique in bridging hostile renal
arteries in thoraco-abdominal branched endografting. Eur J Vasc Endovasc
Surg 2025;69:422-31.

171 Mandigers TJ, Lomazzi C, Domanin M, Pirrelli S, Piffaretti G, van
Herwaarden JA, et al. Vascular access challenges in thoracic endovascular
aortic repair: a literature review. Ann Vasc Surg 2023;94:22-31.

172 Ng JJ, Tan JKH, Lee JWK, Choong A. Longitudinal versus transverse
incision for common femoral artery exposure: a systematic review and meta-
analysis. ANZ J Surg 2021;91:822-31.

173 Canteras M, Baptista-Silva JC, do Carmo Novaes F, Cacione DG.
Transverse versus vertical groin incision for femoral artery approach.
Cochrane Database Syst Rev 2020;4:CD013153.

174 Giannopoulos S, Malgor RD, Sobreira ML, Siada SS, Rodrigues D, Al-
Musawi M, et al. lliac conduits for endovascular treatment of aortic
pathologies: a systematic review and meta-analysis. J Endovasc Ther

2021;28:499-5009.

266



175 Fazzini S, Pennetta FF, Torsello G, Turriziani V, Vona S, Ascoli
Marchetti A, et al. Intravascular iliac artery lithotripsy to facilitate aortic
endograft delivery: midterm results of a dual-center experience. J Endovasc
Ther 2024, doi: 10.1177/15266028241241246 [epub ahead of print].

176 LiJ, Cao Z, Zhang T, Zhao K, Zhao J, Yang Y, et al. Meta-analysis of
ultrasound-guided and traditional femoral artery puncture. Front Cardiovasc
Med 2023;10:1161834.

177 d’Entremont MA, Alrashidi S, Seto AH, Nguyen P, Marquis-Gravel G,
Abu-Fadel MS, et al. Ultrasound guidance for transfemoral access in coronary
procedures: an individual participant-level data metaanalysis from the femoral
ultrasound trialist collaboration. Eurolntervention 2024;20:66—74.

178 Meijers TA, Nap A, Aminian A, Schmitz T, Dens J, Teeuwen K, et al.
Ultrasound-guided versus fluoroscopy-guided large-bore femoral access in
PCI of complex coronary lesions: the international, multicentre, randomised
ULTRACOLOR trial. Eurolntervention 2024,20:e876—-86.

179 Sedhom R, Dang AT, Elwagdy A, Megaly M, Elgendy IY, Zahr F, et al.
Outcomes with plug-based versus suture-based vascular closure device after
transfemoral transcatheter aortic valve replacement: a systematic review and
meta-analysis. Catheter Cardiovasc Interv 2023;101:817-27.

180 Sakata T, Kuno T, Fujisaki T, Yokoyama Y, Misumida N, Sugiura T, et
al. Selection of vascular closure devices in transcatheter aortic valve
replacement: systematic review and network meta-analysis. Cardiovasc
Revasc Med 2023;46:78-84.

181 Haddad S, Bashour G, Mamas MA. Combination of suture-plug

vascular closure devices versus suture-only devices following transcatheter

267



aortic valve implantation: a systematic review and meta-analysis. Catheter
Cardiovasc Interv 2025;106:1088-97.

182 Deng Y, Feng Y, He S, Zhou W, Zhang J. Comparative effectiveness of
vascular closure device strategies in transcatheter aortic valve replacement: a
network meta-analysis. Ann Vasc Surg 2025;122:358—68.

183 Vierhout BP, Pol RA, EI Moumni M, Zeebregts CJ. Editor’'s Choice —
Arteriotomy closure devices in EVAR, TEVAR, and TAVR: a systematic
review and meta-analysis of randomised clinical trials and cohort studies. Eur
J Vasc Endovasc Surg 2017;54:104-15.

184 Antoniou GA, Antoniou SA. Editor’s Choice — Percutaneous access
does not confer superior clinical outcomes over cutdown access for
endovascular aneurysm repair: meta-analysis and trial sequential analysis of
randomised controlled trials. Eur J Vasc Endovasc Surg 2021;61:383-94.

185 Scott CK, Driessen AL, Gonzalez MS, Malekpour F, Guardiola GG,
Baig MS, et al. Perioperative neurologic outcomes of right versus left upper
extremity access for fenestrated-branched endovascular aortic aneurysm
repair. J Vasc Surg 2022;75:794-802.

186 Maximus S, Long K, Babrowski T, Park J, Milner R. Right-sided upper
extremity access for patients undergoing parallel graft placement during
endovascular aortic repair is not associated with increased neurologic events
when compared with left upper extremity access. Ann Vasc Surg 2021;73:37—
42.

187 Bertoglio L, Conradi L, Howard DPJ, Kaki A, Van den Eynde W, Rio J,
et al. Percutaneous transaxillary access for endovascular aortic procedures in

the multicenter international PAXA registry. J Vasc Surg 2022;75:868-76.e3.

268



188 Bertoglio L, Oderich G, Melloni A, Gargiulo M, Kolbel T, Adam DJ, et al.
Multicentre international registry of open surgical versus percutaneous upper
extremity access during endovascular aortic procedures. Eur J Vasc
Endovasc Surg 2023;65:729-37.

189 Abbas A, Hansrani V, Sedgwick N, Ghosh J, McCollum CN. 3D
contrast enhanced ultrasound for detecting endoleak following endovascular
aneurysm repair (EVAR). Eur J Vasc Endovasc Surg 2014;47:487-92.

190 MacKenzie KS, LeGuillan MP, Steinmetz OK, Montreuil B.
Management trends and early mortality rates for acute type B aortic
dissection: a 10-year single-institution experience. Ann Vasc Surg
2004;18:158-66.

191 Tsai TT, Fattori R, Trimarchi S, Isselbacher E, Myrmel T, Evangelista
A, et al. Long-term survival in patients presenting with type B acute aortic
dissection: insights from the International Registry of Acute Aortic Dissection.
Circulation 2006;114:2226-31.

192 Hagan PG, Nienaber CA, Isselbacher EM, Bruckman D, Karavite DJ,
Russman PL, et al. The International Registry of Acute Aortic Dissection
(IRAD): new insights into an old disease. JAMA 2000;283:897-903.

193 Gilon D, Mehta RH, Oh JK, Januzzi JL Jr, Bossone E, Cooper JV, et al.
Characteristics and in-hospital outcomes of patients with cardiac tamponade
complicating type A acute aortic dissection. Am J Cardiol 2009;103:1029-31.

194 Di Eusanio M, Trimarchi S, Patel HJ, Hutchison S, Suzuki T, Peterson
MD, et al. Clinical presentation, management, and short-term outcome of

patients with type A acute dissection complicated by mesenteric malperfusion:

269



observations from the International Registry of Acute Aortic Dissection. J
Thorac Cardiovasc Surg 2013;145:385-90.e1.

195 Eagle KA, Isselbacher EM, DeSanctis RW, International Registry for
Aortic Dissection Investigators. Cocaine-related aortic dissection in
perspective. Circulation 2002;105:1529-30.

196 Suzuki T, Mehta RH, Ince H, Nagai R, Sakomura Y, Weber F, et al.
Clinical profiles and outcomes of acute type B aortic dissection in the current
era: lessons from the International Registry of Aortic Dissection (IRAD).
Circulation 2003;108(Suppl. 1):11312-17.

197 Hatzaras IS, Bible JE, Koullias GJ, Tranquilli M, Singh M, Elefteriades
JA. Role of exertion or emotion as inciting events for acute aortic dissection.
Am J Cardiol 2007;100:1470-2.

198 Albornoz G, Coady MA, Roberts M, Davies RR, Tranquilli M, Rizzo JA,
et al. Familial thoracic aortic aneurysms and dissections—incidence, modes
of inheritance, and phenotypic patterns. Ann Thorac Surg 2006;82:1400-5.

199 Daily PO, Trueblood HW, Stinson EB, Wuerflein RD, Shumway NE.
Management of acute aortic dissections. Ann Thorac Surg 1970;10:237-47.

200 Augoustides JG, Szeto WY, Woo EY, Andritsos M, Fairman RM,
Bavaria JE. The complications of uncomplicated acute type-B dissection: the
introduction of the Penn classification. J Cardiothorac Vasc Anesth
2012;26:1139-44.

201 Dake MD, Thompson M, van Sambeek M, Vermassen F, Morales JP,
Define Investigators. DISSECT: a new mnemonic-based approach to the
categorization of aortic dissection. Eur J Vasc Endovasc Surg 2013;46:175—

90.

270



202 Sievers HH, Rylski B, Czerny M, Baier ALM, Kreibich M, Siepe M, et al.
Aortic dissection reconsidered: type, entry site, malperfusion classification
adding clarity and enabling outcome prediction. Interact Cardiovasc Thorac
Surg 2020;30:451-7.

203 Czerny M, Schmidli J, Adler S, van den Berg JC, Bertoglio L, Carrel T,
et al. Editor’'s Choice — Current options and recommendations for the
treatment of thoracic aortic pathologies involving the aortic arch: an expert
consensus document of the European Association for Cardio-Thoracic
Surgery (EACTS) & the European Society for Vascular Surgery (ESVS). Eur J
Vasc Endovasc Surg 2019;57:165-98.

204 Peterss S, Mansour AM, Ross JA, Vaitkeviciute |, Charilaou P,
Dumfarth J, et al. Changing pathology of the thoracic aorta from acute to
chronic dissection: literature review and insights. J Am Coll Cardiol
2016;68:1054-65.

205 Nauta FJ, Tolenaar JL, Patel HJ, Appoo JJ, Tsai TT, Desai ND, et al.
Impact of retrograde arch extension in acute type B aortic dissection on
management and outcomes. Ann Thorac Surg 2016;102:2036—43.

206 Trimarchi S, Jonker FH, Muhs BE, Grassi V, Righini P, Upchurch GR,
et al. Long-term outcomes of surgical aortic fenestration for complicated acute
type B aortic dissections. J Vasc Surg 2010;52:261-6.

207 Bjorck M, Koelemay M, Acosta S, Bastos Goncalves F, Kdlbel T,
Kolkman JJ, et al. Editor’s Choice — Management of the diseases of
mesenteric arteries and veins: clinical practice guidelines of the European
Society of Vascular Surgery (ESVS). Eur J Vasc Endovasc Surg

2017;53:460-510.

271



208 Koelemay MJ, Geelkerken RH, Karkkainen J, Leone N, Antoniou GA,
de Bruin JL, et al. Editor’s Choice — European Society for Vascular Surgery
(ESVS) 2025 clinical practice guidelines on the management of diseases of
the mesenteric and renal arteries and veins. Eur J Vasc Endovasc Surg
2025;70:153-218.

209 Tshomba Y, Coppi G, Marone EM, Bertoglio L, Kahlberg A, Carlucci M,
et al. Diagnostic laparoscopy for early detection of acute mesenteric
ischaemia in patients with aortic dissection. Eur J Vasc Endovasc Surg
2012;43:690-7.

210 Vedantham S, Picus D, Sanchez LA, Braverman A, Moon MR, Sundt T
3rd, et al. Percutaneous management of ischemic complications in patients
with type-B aortic dissection. J Vasc Interv Radiol 2003;14:181-94.

211 Bossone E, Corteville DC, Harris KM, Suzuki T, Fattori R, Hutchison S,
et al. Stroke and outcomes in patients with acute type A aortic dissection.
Circulation 2013;128(11 Suppl. 1):S175-9.

212 Vilacosta I, San Roman JA, di Bartolomeo R, Eagle K, Estrera AL,
Ferrera C, et al. Acute aortic syndrome revisited: JACC state-of-the-art
review. J Am Coll Cardiol 2021,78:2106-25.

213 Husainy MA, Sayyed F, Puppala S. Acute aortic syndrome—pitfalls on
gated and non-gated CT scan. Emerg Radiol 2016;23:397-403.

214 LePage MA, Quint LE, Sonnad SS, Deeb GM, Williams DM. Aortic
dissection: CT features that distinguish true lumen from false lumen. AJR Am

J Roentgenol 2001;177:207-11.

272



215 Nienaber CA, von Kodolitsch Y, Nicolas V, Siglow V, Piepho A,
Brockhoff C, et al. The diagnosis of thoracic aortic dissection by noninvasive
imaging procedures. N Engl J Med 1993;328:1-9.

216 Manunga J, Smith J, Schmidt CW, Titus J, Mudy K, Pavlovec MP, et al.
Impact of a multidisciplinary acute aortic dissection program: improved
outcomes with a comprehensive initial surgical repair strategy. J Vasc Surg
2022;75:484-94.e1.

217 Durham CA, Cambria RP, Wang LJ, Ergul EA, Aranson NJ, Patel VI, et
al. The natural history of medically managed acute type B aortic dissection. J
Vasc Surg 2015;61:1192-8.

218 Wheat MW Jr, Palmer RF, Bartley TD, Seelman RC. Treatment of
dissecting aneurysms of the aorta without surgery. J Thorac Cardiovasc Surg
1965;50:364—-73.

219 Whelton PK, Carey RM, Aronow WS, Casey DE Jr, Collins KJ,
Dennison Himmelfarb C, et al. 2017
ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA guideline
for the prevention, detection, evaluation, and management of high blood
pressure in adults: executive summary: a report of the American College of
Cardiology/American Heart Association Task Force on Clinical Practice
Guidelines. Circulation 2018;138:e426-83.

220 Trimarchi S, Eagle KA, Nienaber CA, Pyeritz RE, Jonker FH, Suzuki T,
et al. Importance of refractory pain and hypertension in acute type B aortic
dissection: insights from the International Registry of Acute Aortic Dissection

(IRAD). Circulation 2010;122:1283-9.

273



221 Neal B, MacMahon S, Chapman N, Blood Pressure Lowering
Treatment Trialists’ Collaboration. Effects of ACE inhibitors, calcium
antagonists, and other blood-pressure-lowering drugs: results of prospectively
designed overviews of randomised trials. Blood Pressure Lowering Treatment
Trialists’ Collaboration. Lancet 2000;356:1955-64.

222 Eggebrecht H, Schmermund A, Herold U, Lind A, Bartel T, Buck T, et
al. Rapid progression of discrete type A intramural hematoma: prevention of a
“‘procedure-related” complication by intraoperative transesophageal
echocardiography. J Endovasc Ther 2005;12:252-7.

223 Lederle FA, Powell JT, Nienaber CA. Does intensive medical treatment
improve outcomes in aortic dissection? BMJ 2014;349:95288.

224 Hossack M, Patel S, Gambardella |, Neequaye S, Antoniou GA, Torella
F. Endovascular vs. medical management for uncomplicated acute and sub-
acute type B aortic dissection: a meta-analysis. Eur J Vasc Endovasc Surg
2020;59:794-807.

225 Xiang D, Kan X, Liang H, Xiong B, Liang B, Wang L, et al. Comparison
of mid-term outcomes of endovascular repair and medical management in
patients with acute uncomplicated type B aortic dissection. J Thorac
Cardiovasc Surg 2021;162:26-36.e1l.

226 Xie E, Yang F, Liu Y, Xue L, Fan R, Xie N, et al. Timing and outcome of
endovascular repair for uncomplicated type B aortic dissection. Eur J Vasc
Endovasc Surg 2021;61:788-97.

227 Howard C, Sheridan J, Picca L, Reza S, Smith T, Ponnapalli A, et al.
TEVAR for complicated and uncomplicated type B aortic dissection—

systematic review and meta-analysis. J Card Surg 2021;36:3820-30.

274



228 Brunkwall J, Kasprzak P, Verhoeven E, Heijmen R, Taylor P, ADSORB
Trialists A, et al. Endovascular repair of acute uncomplicated aortic type B
dissection promotes aortic remodelling: 1 year results of the ADSORB trial.
Eur J Vasc Endovasc Surg 2014;48:285-91.

229 Nienaber CA, Rousseau H, Eggebrecht H, Kische S, Fattori R, Rehders
TC, et al. Randomized comparison of strategies for type B aortic dissection:
the INvestigation of STEnt Grafts in Aortic Dissection (INSTEAD) trial.
Circulation 2009;120:2519-28.

230 Nienaber CA, Kische S, Rousseau H, Eggebrecht H, Rehders TC,
Kundt G, et al. Endovascular repair of type B aortic dissection: long-term
results of the randomized INvestigation of STEnt Grafts in Aortic Dissection
trial. Circ Cardiovasc Interv 2013;6:407-16.

231 Mani K, Resch T, Lindberg BR, Bjorkman P, Rubio OD, Budtz-Lilly J.
Initiation of the Scandinavian Trial of Uncomplicated Aortic Dissection
Therapy. Eur J Vasc Endovasc Surg 2024,68:272-3.

232 Rudolph C, Lindberg BR, Resch T, Mani K, Bjorkman P, Laxdal EH, et
al. Scandinavian Trial of Uncomplicated Aortic Dissection Therapy: study
protocol for a randomized controlled trial. Trials 2023;24:217.

233 Rasiah MG, Abdelhalim MA, Modarai B. Need for and update on
clinical trials for uncomplicated type B aortic dissection. JVS Vasc Insights
2024,;2:100130.

234 Erbel R, Aboyans V, Boileau C, Bossone E, Bartolomeo RD,
Eggebrecht H, et al. 2014 ESC guidelines on the diagnosis and treatment of
aortic diseases: document covering acute and chronic aortic diseases of the

thoracic and abdominal aorta of the adult. The Task Force for the Diagnosis

275



and Treatment of Aortic Diseases of the European Society of Cardiology
(ESC). Eur Heart J 2014:35:2873-926.

235 Marlevi D, Sotelo JA, Grogan-Kaylor R, Ahmed Y, Uribe S, Patel HJ, et
al. False lumen pressure estimation in type B aortic dissection using 4D flow
cardiovascular magnetic resonance: comparisons with aortic growth. J
Cardiovasc Magn Reson 2021;23:51.

236 Schwartz SI, Durham C, Clouse WD, Patel VI, Lancaster RT, Cambria
RP, et al. Predictors of late aortic intervention in patients with medically
treated type B aortic dissection. J Vasc Surg 2018;67:78-84.

237 Kitamura T, Torii S, Oka N, Horai T, Itatani K, Yoshii T, et al. Impact of
the entry site on late outcome in acute Stanford type B aortic dissection. Eur J
Cardiothorac Surg 2015;48:655—61; discussion 661-2.

238 Weiss G, Wolner |, Folkmann S, Sodeck G, Schmidli J, Grabenwoger
M, et al. The location of the primary entry tear in acute type B aortic dissection
affects early outcome. Eur J Cardiothorac Surg 2012;42:571-6.

239 Nakajima K, Kato N, Chino S, Higashigawa T, Ouchi T, Kato H, et al.
Therapeutic window for obtaining favorable remodeling after thoracic
endovascular aortic repair of type B aortic dissection. J Vasc Surg
2022;75:861-7.

240 Higashigaito K, Sailer AM, van Kuijk SMJ, Willemink MJ, Hahn LD,
Hastie TJ, et al. Aortic growth and development of partial false lumen
thrombosis are associated with late adverse events in type B aortic dissection.

J Thorac Cardiovasc Surg 2021;161:1184-90.e2.

276



241 Song JM, Kim SD, Kim JH, Kim MJ, Kang DH, Seo JB, et al. Long-term
predictors of descending aorta aneurysmal change in patients with aortic
dissection. J Am Coll Cardiol 2007;50:799-804.

242 Ray HM, Durham CA, Ocazionez D, Charlton-Ouw KM, Estrera AL,
Miller CC 3rd, et al. Predictors of intervention and mortality in patients with
uncomplicated acute type B aortic dissection. J Vasc Surg 2016;64:1560-8.

243 Saricilar EC, Patel K, Gatmaitan R, Puttaswamy V. Editor’'s Choice —
Optimal timing of thoracic endovascular aortic repair for uncomplicated type B
aortic dissection: a systematic review and meta-analysis. Eur J Vasc
Endovasc Surg 2023;65:851-60.

244 Li HL, Wu S, Chan YC, Cheng SW, Guo W, Xiong J. Early and mid-
term mortality and morbidity of contemporary international endovascular
treatment for type B aortic dissection — a systematic review and meta-
analysis. Int J Cardiol 2020;301:56-61.

245 Bavaria JE, Brinkman WT, Hughes GC, Shah AS, Charlton-Ouw KM,
Azizzadeh A, et al. Five-year outcomes of endovascular repair of complicated
acute type B aortic dissections. J Thorac Cardiovasc Surg 2022;163:539—
48.e2.

246 Grabenwoger M, Alfonso F, Bachet J, Bonser R, Czerny M, Eggebrecht
H, et al. Thoracic endovascular aortic repair (TEVAR) for the treatment of
aortic diseases: a position statement from the European Association for
Cardio-Thoracic Surgery (EACTS) and the European Society of Cardiology
(ESC), in collaboration with the European Association of Percutaneous
Cardiovascular Interventions (EAPCI). Eur J Cardiothorac Surg 2012;42:17—

24,

277



247 Heijmen RH, Thompson MM, Fattori R, Goktay Y, Teebken OE, Orend
KH. Valiant thoracic stent-graft deployed with the new Captivia Delivery
System: procedural and 30-day results of the Valiant Captivia registry. J
Endovasc Ther 2012;19:213-25.

248 Svensson LG, Kouchoukos NT, Miller DC, Bavaria JE, Coselli JS, Curi
MA, et al. Expert consensus document on the treatment of descending
thoracic aortic disease using endovascular stent-grafts. Ann Thorac Surg
2008;85(1 Suppl.):S1-41.

249 Steuer J, Eriksson MO, Nyman R, Bjorck M, Wanhainen A. Early and
long-term outcome after thoracic endovascular aortic repair (TEVAR) for
acute complicated type B aortic dissection. Eur J Vasc Endovasc Surg
2011;41:318-23.

250 Fattori R, Tsai TT, Myrmel T, Evangelista A, Cooper JV, Trimarchi S, et
al. Complicated acute type B dissection: is surgery still the best option?: a
report from the International Registry of Acute Aortic Dissection. JACC
Cardiovasc Interv 2008;1:395-402.

251 Fattori R, Cao P, De Rango P, Czerny M, Evangelista A, Nienaber C, et
al. Interdisciplinary expert consensus document on management of type B
aortic dissection. J Am Coll Cardiol 2013;61:1661-78.

252 Pape LA, Awais M, Woznicki EM, Suzuki T, Trimarchi S, Evangelista A,
et al. Presentation, diagnosis, and outcomes of acute aortic dissection: 17-
year trends from the International Registry of Acute Aortic Dissection. J Am

Coll Cardiol 2015:66:350-8.

278



253 Trimarchi S, Jonker FH, Froehlich JB, Upchurch GR, Moll FL, Muhs
BE, et al. Acute type B aortic dissection in the absence of aortic dilatation. J
Vasc Surg 2012;56:311-16.

254 Jonker FH, Patel HJ, Upchurch GR, Williams DM, Montgomery DG,
Gleason TG, et al. Acute type B aortic dissection complicated by visceral
ischemia. J Thorac Cardiovasc Surg 2015;149:1081—6.e1.

255 Gupta JD, Naazie IN, Zarrintan S, Beck AW, Magee GA, Malas MB.
Outcomes of thoracic endovascular aortic repair for uncomplicated type B
dissections based on chronicity. J Vasc Surg 2022;76:1458-65.

256 Wang GJ, Cambria RP, Lombardi JV, Azizzadeh A, White RA, Abel
DB, et al. Thirty-day outcomes from the Society for Vascular Surgery Vascular
Quality Initiative thoracic endovascular aortic repair for type B dissection
project. J Vasc Surg 2019;69:680-91.

257 Parker LP, Reutersberg B, Syed MBJ, Munshi B, Richards S, Kelsey
LJ, et al. Proximal false lumen thrombosis is associated with low false lumen
pressure and fewer complications in type B aortic dissection. J Vasc Surg
2022;75:1181-90.e5.

258 Trimarchi S, Segreti S, Grassi V, Lomazzi C, Cova M, Piffaretti G, et al.
Open fenestration for complicated acute aortic B dissection. Ann Cardiothorac
Surg 2014;3:418-22.

259 Iwakoshi S, Dake MD, Irie Y, Katada Y, Sakaguchi S, Hongo N, et al.
Management of renal arteries in conjunction with thoracic endovascular aortic
repair for complicated Stanford type B aortic dissection: the Japanese

Multicenter Study (J-Predictive Study). Radiology 2020;294:455-63.

279



260 Norton EL, Williams DM, Kim KM, Khaja MS, Wu X, Patel HJ, et al.
Management of acute type B aortic dissection with malperfusion via
endovascular fenestration/stenting. J Thorac Cardiovasc Surg
2020;160:1151-61.e1.

261 Nienaber CA, Fattori R, Lund G, Dieckmann C, Wolf W, von Kodolitsch
Y, et al. Nonsurgical reconstruction of thoracic aortic dissection by stent-graft
placement. N Engl J Med 1999;340:1539-45.

262 Barnes DM, Williams DM, Dasika NL, Patel HJ, Weder AB, Stanley JC,
et al. A single-center experience treating renal malperfusion after aortic
dissection with central aortic fenestration and renal artery stenting. J Vasc
Surg 2008;47:903-10; discussion 910-11.

263 Sobocinski J, Lombardi JV, Dias NV, Berger L, Zhou Q, Jia F, et al.
Volume analysis of true and false lumens in acute complicated type B aortic
dissections after thoracic endovascular aortic repair with stent grafts alone or
with a composite device design. J Vasc Surg 2016;63:1216-24.

264 Kahlberg A, Mascia D, Bertoglio L, Loschi D, Grandi A, Melissano G, et
al. New technical approach for type B dissection: from the PETTICOAT to the
STABILISE concept. J Cardiovasc Surg (Torino) 2019;60:281-8.

265 Faure EM, El Batti S, Abou Rjeili M, Julia P, Alsac JM. Mid-term
outcomes of stent assisted balloon induced intimal disruption and relamination
in aortic dissection repair (STABILISE) in acute type B aortic dissection. Eur J
Vasc Endovasc Surg 2018;56:209-15.

266 Rylski B, Munoz C, Beyersdorf F, Siepe M, Reser D, Carrel T, et al.
How does descending aorta geometry change when it dissects? Eur J

Cardiothorac Surg 2018;53:815-21.

280



267 Ma T, Dong ZH, Fu WG, Guo DQ, Xu X, Chen B, et al. Incidence and
risk factors for retrograde type A dissection and stent graft-induced new entry
after thoracic endovascular aortic repair. J Vasc Surg 2018;67:1026—33.e2.

268 Rychla M, Dueppers P, Meuli L, Rancic Z, Menges AL, Kopp R, et al.
Influence of measurement and sizing techniques in thoracic endovascular
aortic repair on outcome in acute complicated type B aortic dissections.
Interact Cardiovasc Thorac Surg 2022;34:628-36.

269 Shehab M, Wanhainen A, Tegler G, Lindstrom D, Yoon W, Mani K. Six
years’ experience with a novel dissection-specific stent-graft to prevent distal
stent-graft-induced new entry. J Endovasc Ther 2024; doi:
10.1177/15266028241257106 [epub ahead of print].

270 ChenY, Zhang S, Liu L, Lu Q, Zhang T, Jing Z. Retrograde type A
aortic dissection after thoracic endovascular aortic repair: a systematic review
and meta-analysis. J Am Heart Assoc 2017;6:e004649.

271 Ruiter Kanamori L, Tenorio ER, Babocs D, Savadi S, Baghbani-
Oskouel A, Huang Y, et al. Indications, safety, and effectiveness of
transcatheter electrosurgical septotomy during endovascular repair of aortic
dissections. J Vasc Surg 2024;80:1396—-406.

272 Fukuhara S, Khaja MS, Williams DM, Marko X, Yang B, Patel HJ, et al.
Aortic septotomy to optimize landing zones during thoracic endovascular
aortic repair for chronic type B aortic dissection. J Thorac Cardiovasc Surg
2023;165:1776-86.e5.

273 Moller CM, Pedersen SF, Budtz-Lilly J. Aortic intimal invagination and
septectomy following electrosurgical septotomy in a patient with a type B

dissection. EJVES Vasc Forum 2025:;63:57-60.

281



274 Eggebrecht H, Thompson M, Rousseau H, Czerny M, Lonn L, Mehta
RH, et al. Retrograde ascending aortic dissection during or after thoracic
aortic stent graft placement: insight from the European Registry on
Endovascular Aortic Repair Complications. Circulation 2009;120(11
Suppl.):S276-81.

275 Canaud L, Ozdemir BA, Patterson BO, Holt PJ, Loftus IM, Thompson
MM. Retrograde aortic dissection after thoracic endovascular aortic repair.
Ann Surg 2014;260:389-95.

276 Buth J, Harris PL, Hobo R, van Eps R, Cuypers P, Duijm L, et al.
Neurologic complications associated with endovascular repair of thoracic
aortic pathology: incidence and risk factors. a study from the European
Collaborators on Stent/Graft Techniques for Aortic Aneurysm Repair
(EUROSTAR) registry. J Vasc Surg 2007;46:1103-10; discussion 1110-11.

277 Reutersberg B, Gleason T, Desai N, Ehrlich M, Evangelista A,
Braverman A, et al. Neurological event rates and associated risk factors in
acute type B aortic dissections treated by thoracic aortic endovascular repair.
J Thorac Cardiovasc Surg 2024;167:52—-62.e5.

278 Perera AH, Rudarakanchana N, Monzon L, Bicknell CD, Modarai B,
Kirmi O, et al. Cerebral embolization, silent cerebral infarction and
neurocognitive decline after thoracic endovascular aortic repair. Br J Surg
2018;105:366—78.

279 Tsilimparis N, Stana J, Konstantinou N, Chen M, Zhou Q, Kolbel T.
Identifying risk factors for early neurological outcomes following thoracic
endovascular aortic repair using the SUMMIT database. Eur J Cardiothorac

Surg 2022;62:ezab476.

282



280 Czerny M, Eggebrecht H, Sodeck G, Verzini F, Cao P, Maritati G, et al.
Mechanisms of symptomatic spinal cord ischemia after TEVAR: insights from
the European Registry of Endovascular Aortic Repair Complications (EUREC).
J Endovasc Ther 2012;19:37-43.

281 Natour AK, Shepard A, Onofrey K, Peshkepija A, Nypaver T, Weaver
M, et al. Left subclavian artery revascularization is associated with less
neurologic injury after endovascular repair of acute type B aortic dissection. J
Vasc Surg 2023;78:1170-9.e2.

282 Potter HA, Ding L, Han SM, Fleischman F, Weaver FA, Magee GA.
Spinal cord ischemia and reinterventions following thoracic endovascular
repair for acute type B aortic dissections. J Vasc Surg 2024;80:656—-64.

283 Desai ND, Gottret JP, Szeto WY, McCarthy F, Moeller P, Menon R, et
al. Impact of timing on major complications after thoracic endovascular aortic
repair for acute type B aortic dissection. J Thorac Cardiovasc Surg
2015;149(2 Suppl.):S151-6.

284 Desai ND, Wang GJ, Brinkman W, Coselli J, Taylor B, Patel H, et al.
Outcomes of a novel single-branched aortic stent graft for treatment of type B
aortic dissection. Ann Thorac Surg 2025;119:826-34.

285 Mesar T, Alie-Cusson FS, Rathore A, Dexter DJ, Stokes GK, Panneton
JM. A more proximal landing zone is preferred for thoracic endovascular
repair of acute type B aortic dissections. J Vasc Surg 2022;75:38-46.

286 Hoshina K, Kato M, Ishimaru S, Michihata N, Yasunaga H, Komori K, et
al. Effect of the urgency and landing zone on rates of in-hospital death, stroke,
and paraplegia after thoracic endovascular aortic repair in Japan. J Vasc Surg

2021:74:556-68.e2.

283



287 Kuo EC, Veranyan N, Johnson CE, Weaver FA, Ham SW, Rowe VL, et
al. Impact of proximal seal zone length and intramural hematoma on clinical
outcomes and aortic remodeling after thoracic endovascular aortic repair for
aortic dissections. J Vasc Surg 2019;69:987-95.

288 Huang CY, Hsu HL, Chen PL, Chen IM, Hsu CP, Shih CC. The impact
of distal stent graft-induced new entry on aortic remodeling of chronic type B
dissection. Ann Thorac Surg 2018;105:785-93.

289 Jang H, Kim MD, Kim GM, Won JY, Ko YG, Choi D, et al. Risk factors
for stent graft-induced new entry after thoracic endovascular aortic repair for
Stanford type B aortic dissection. J Vasc Surg 2017;65:676—85.

290 Sharma A, Manunga JM, Stanberry L, Pavlovec MP, Nwaudo D,
Strauss C, et al. Is compliance with guideline recommended follow-up after
aortic dissection associated with survival? Ann Thorac Surg 2022;113:846—
52.

291 Famularo M, Meyermann K, Lombardi JV. Aneurysmal degeneration of
type B aortic dissections after thoracic endovascular aortic repair: a
systematic review. J Vasc Surg 2017;66:924-30.

292 Bozinovski J, Coselli JS. Outcomes and survival in surgical treatment of
descending thoracic aorta with acute dissection. Ann Thorac Surg
2008;85:965-70; discussion 970-1.

293 Svensson LG, Crawford ES, Hess KR, Coselli JS, Safi HJ. Dissection
of the aorta and dissecting aortic aneurysms. Improving early and long-term

surgical results. Circulation 1990;82(5 Suppl.):IV24-38.

284



294 Roselli EE, Idrees JJ, Bakaeen FG, Tong MZ, Soltesz EG, Mick S, et
al. Evolution of simplified frozen elephant trunk repair for acute DeBakey type
| dissection: midterm outcomes. Ann Thorac Surg 2018;105:749-55.

295 Kreibich M, Siepe M, Berger T, Kondov S, Morlock J, Pingpoh C, et al.
The frozen elephant trunk technique for the treatment of type B and type non-
A non-B aortic dissection. Eur J Vasc Endovasc Surg 2021;61:107-13.

296 Olsson KW, Mani K, Burdess A, Patterson S, Scali ST, Kolbel T, et al.
Outcomes after endovascular aortic intervention in patients with connective
tissue disease. JAMA Surg 2023;158:832-9.

297 Estrera AL, Miller CC 3rd, Chen EP, Meada R, Torres RH, Porat EE, et
al. Descending thoracic aortic aneurysm repair: 12-year experience using
distal aortic perfusion and cerebrospinal fluid drainage. Ann Thorac Surg
2005;80:1290-6; discussion 1296.

298 Gargiulo M, Bianchini Massoni C, Gallitto E, Freyrie A, Trimarchi S,
Faggioli G, et al. Lower limb malperfusion in type B aortic dissection: a
systematic review. Ann Cardiothorac Surg 2014,;3:351-67.

299 Chandra VM, Norton EL, Khaja MS, Herrera DG, Williams DM, Yang B.
Surgical and endovascular repair for type B aortic dissections with mesenteric
malperfusion syndrome: a systematic review of in-hospital mortality. JTCVS
Open 2022;12:37-50.

300 Plotkin A, Vares-Lum D, Magee GA, Han SM, Fleischman F, Rowe VL.
Management strategy for lower extremity malperfusion due to acute aortic

dissection. J Vasc Surg 2021;74:1143-51.

285



301 Yuan X, Mitsis A, Ghonem M, lakovakis I, Nienaber CA. Conservative
management versus endovascular or open surgery in the spectrum of type B
aortic dissection. J Vis Surg 2018;4:59.

302 Kaji S, Akasaka T, Katayama M, Yamamuro A, Yamabe K, Tamita K, et
al. Long-term prognosis of patients with type B aortic intramural hematoma.
Circulation 2003;108(Suppl. 1):11307-11.

303 Ridge CA, Litmanovich DE. Acute aortic syndromes: current status. J
Thorac Imaging 2015;30:193-201.

304 Morris JH, Mix D, Cameron SJ. Acute aortic syndromes: update in
current medical management. Curr Treat Options Cardiovasc Med
2017;19:29.

305 Uchida K, Imoto K, Karube N, Minami T, Cho T, Goda M, et al.
Intramural haematoma should be referred to as thrombosed-type aortic
dissection. Eur J Cardiothorac Surg 2013;44:366-9; discussion 369.

306 Brown JA, Arnaoutakis GJ, Kilic A, Gleason TG, Aranda-Michel E,
Sultan |. Medical and surgical management of acute type B aortic intramural
hematoma. J Card Surg 2020;35:2324-30.

307 Oderich GS, Kéarkkainen JM, Reed NR, Tenorio ER, Sandri GA.
Penetrating aortic ulcer and intramural hematoma. Cardiovasc Intervent
Radiol 2019;42:321-34.

308 Ganaha F, Miller DC, Sugimoto K, Do YS, Minamiguchi H, Saito H, et
al. Prognosis of aortic intramural hematoma with and without penetrating
atherosclerotic ulcer: a clinical and radiological analysis. Circulation

2002:106:342-8.

286



309 Clough RE, Nienaber CA. Management of acute aortic syndrome. Nat
Rev Cardiol 2015;12:103-14.

310 Evangelista A, Maldonado G, Moral S, Teixido-Tura G, Lopez A,
Cuellar H, et al. Intramural hematoma and penetrating ulcer in the descending
aorta: differences and similarities. Ann Cardiothorac Surg 2019;8:456—70.

311 Bolomey S, Blanchard A, Barral PA, Mancini J, Lagier D, Bal L, et al. Is
the natural anatomical evolution of type B intramural hematomas reliable to
identify the patients at risk of aneurysmal progression? Ann Vasc Surg
2020;64:62-70.

312 Bossone E, LaBounty TM, Eagle KA. Acute aortic syndromes:
diagnosis and management, an update. Eur Heart J 2018;39:739-49d.

313 Bossone E, Czerny M, Lerakis S, Rodriguez-Palomares J, Kukar N,
Ranieri B, et al. Imaging and biomarkers in acute aortic syndromes: diagnostic
and prognostic implications. Curr Probl Cardiol 2021;46:100654.

314 Chen JF, Zafar MA, Wu J, Li Y, Rizzo JA, Papanikolaou D, et al.
Increased virulence of descending thoracic and thoracoabdominal aortic
aneurysms in women. Ann Thorac Surg 2021;112:45-52.

315 Chen L, Yang F, Liu J, Luo S, Yuan H, Fan R, et al. Risk stratification of
ulcer-like projection in uncomplicated acute type B aortic intramural
haematoma. Eur J Cardiothorac Surg 2021;60:1032—-40.

316 Nathan DP, Boonn W, Lai E, Wang GJ, Desai N, Woo EY, et al.
Presentation, complications, and natural history of penetrating atherosclerotic

ulcer disease. J Vasc Surg 2012;55:10-15.

287



317 Jiang X, Pan T, Zou L, Chen B, Jiang J, Shi Y, et al. Outcomes of
endovascular stent graft repair for penetrating aortic ulcers with or without
intramural hematoma. J Vasc Surg 2021;73:1541-8.

318 Salim S, Locci R, Martin G, Gibbs R, Jenkins M, Hamady M, et al.
Short- and long-term outcomes in isolated penetrating aortic ulcer disease. J
Vasc Surg 2020;72:84-91.

319 Dudzinski DM, Isselbacher EM. Diagnosis and management of thoracic
aortic disease. Curr Cardiol Rep 2015;17:106.

320 Janosi RA, Gorla R, Tsagakis K, Kahlert P, Horacek M, Bruckschen F,
et al. Thoracic endovascular repair of complicated penetrating aortic ulcer: an
11-year single-center experience. J Endovasc Ther 2016;23:150-9.

321 Evangelista A, Dominguez R, Sebastia C, Salas A, Permanyer-Miralda
G, Avegliano G, et al. Prognostic value of clinical and morphologic findings in
short-term evolution of aortic intramural haematoma. Therapeutic implications.
Eur Heart J 2004,25:81-7.

322 LiZ, Lu B, Chen Y, Hou Z, Chen B, Zhang Y, et al. Acute type B aortic
intramural hematoma: the added prognostic value of a follow-up CT. Eur
Radiol 2019;29:6571-80.

323 Ye K, Qin J, Yin M, Jiang M, Li W, Lu X. Acute intramural hematoma of
the descending aorta treated with stent graft repair is associated with a better
prognosis. J Vasc Interv Radiol 2017;28:1446-53.e2.

324 Piffaretti G, Lomazzi C, Benedetto F, Pipito N, Castelli P, Trimarchi S,
et al. Best medical treatment and selective stent-graft repair for acute type B

aortic intramural hematoma. Semin Thorac Cardiovasc Surg 2018;30:279-87.

288



325 Mesar T, Lin MJ, Kabir |, Dexter DJ, Rathore A, Panneton JM. Medical
therapy in type B aortic intramural hematoma is associated with a high failure
rate. J Vasc Surg 2020;71:1088-96.

326 Evangelista A, Czerny M, Nienaber C, Schepens M, Rousseau H, Cao
P, et al. Interdisciplinary expert consensus on management of type B
intramural haematoma and penetrating aortic ulcer. Eur J Cardiothorac Surg
2015;47:209-17.

327 Meisenbacher K, Bockler D, Geisbusch P, Hank T, Bischoff MS.
Preliminary results of spot-stent grafting in Stanford type B aortic dissection
and intramural haematoma. Eur J Cardiothorac Surg 2020;58:932-9.

328 D’Annoville T, Ozdemir BA, Alric P, Marty-Ane CH, Canaud L. Thoracic
endovascular aortic repair for penetrating aortic ulcer: literature review. Ann
Thorac Surg 2016;101:2272-8.

329 Piffaretti G, Fontana F, Tadiello M, Guttadauro C, Piacentino F, Bush
RL, et al. Arch and access vessel complications in penetrating aortic ulcer
managed with thoracic endovascular aortic repair. Ann Cardiothorac Surg
2019;8:471-82.

330 Chakos A, Twindyawardhani T, Evangelista A, Maldonado G, Piffaretti
G, Yan TD, et al. Endovascular versus medical management of type B
intramural hematoma: a meta-analysis. Ann Cardiothorac Surg 2019;8:447—
55.

331 Lavingia KS, Ahanchi SS, Redlinger RE, Udgiri NR, Panneton JM.
Aortic remodeling after thoracic endovascular aortic repair for intramural

hematoma. J Vasc Surg 2014;60:929-35; discussion 935-6.

289



332 LiL, Jiao Y, Zou J, Zhang X, Yang H, Ma H. Thoracic endovascular
aortic repair versus best medical treatment for high-risk type B intramural
hematoma: a systematic review of clinical studies. Ann Vasc Surg
2018;52:273-9.

333 Liu J, LiuY, Yang W, Gu J, Xue S. Five-year outcomes after thoracic
endovascular aortic repair of symptomatic type B penetrating aortic ulcer with
intramural hematoma in Chinese patients. J Thorac Dis 2019;11:206-13.

334 Genoni M, Paul M, Jenni R, Graves K, Seifert B, Turina M. Chronic
beta-blocker therapy improves outcome and reduces treatment costs in
chronic type B aortic dissection. Eur J Cardiothorac Surg 2001;19:606-10.

335 Suzuki T, Isselbacher EM, Nienaber CA, Pyeritz RE, Eagle KA, Tsali
TT, et al. Type-selective benefits of medications in treatment of acute aortic
dissection (from the International Registry of Acute Aortic Dissection [IRAD]).
Am J Cardiol 2012;109:122-7.

336 LuN, Ma X, Xu T, He Z, Xu B, Xiong Q, et al. Optimal blood pressure
control for patients after thoracic endovascular aortic repair of type B aortic
dissection. BMC Cardiovasc Disord 2019;19:124.

337 Wang Z, Ge M, Chen T, Chen C, Zong Q, Lu L, et al. Impact of
hypertension on short- and long-term survival of patients who underwent
emergency surgery for type A acute aortic dissection. J Thorac Dis
2020;12:6618-28.

338 Chen SW, Chan YH, Lin CP, Wu VC, Cheng YT, Chen DY, et al.
Association of long-term use of antihypertensive medications with late
outcomes among patients with aortic dissection. JAMA Netw Open

2021;4:€210469.

290



339 Kumar KU, Zhao Q, Bai X, Li A, Anjali P, Yu H, et al. Controlled heart
rate and blood pressure reduce the life threatening aortic events and increase
survival in patients with type B aortic dissection: a single center experience.
Int J Cardiol Heart Vasc 2015;8:73—4.

340 Qin YL, Wang F, Li TX, Ding W, Deng G, Xie B, et al. Endovascular
repair compared with medical management of patients with uncomplicated
type B acute aortic dissection. J Am Coll Cardiol 2016;67:2835-42.

341 Smedberg C, Hultgren R, Leander K, Steuer J. Pharmacological
treatment in patients with aortic dissection. Open Heart 2022;9:e002082.

342 Jonker FH, Trimarchi S, Rampoldi V, Patel HJ, O’Gara P, Peterson
MD, et al. Aortic expansion after acute type B aortic dissection. Ann Thorac
Surg 2012;94:1223-9.

343 Corsini A, Pacini D, Lovato L, Russo V, Lorenzini M, Foa A, et al. Long-
term follow up of patients with acute aortic syndromes: relevance of both
aortic and non-aortic events. Eur J Vasc Endovasc Surg 2018;56:200-8.

344 Gao HQ, Ren CW, Yang S, Huang LJ, Sun LZ, Xu SD. Smoking history
increases the risk of long-term mortality after thoracic endovascular aortic
repair in patients with an uncomplicated type B dissection. Chin Med J (Engl)
2020;133:402-7.

345 Cheng J, Zhang Z, Wang Y, He H, Zhao T, Wang X. Effect of statins on
the prognosis after thoracic endovascular aortic repair for patients with acute
type B aortic dissection. J Endovasc Ther 2024; doi:
10.1177/15266028241306356 [epub ahead of print].

346 Gagne-Loranger M, Dumont E, Voisine P, Mohammadi S, Dagenais F.

Natural history of 40-50 mm root/ascending aortic aneurysms in the current

291



era of dedicated thoracic aortic clinics. Eur J Cardiothorac Surg 2016;50:562—
6.

347 Zafar MA, Chen JF, Wu J, Li Y, Papanikolaou D, Abdelbaky M, et al.
Natural history of descending thoracic and thoracoabdominal aortic
aneurysms. J Thorac Cardiovasc Surg 2021;161:498-511.el.

348 Sharples L, Sastry P, Freeman C, Bicknell C, Chiu YD, Vallabhaneni
SR, et al. Aneurysm growth, survival, and quality of life in untreated thoracic
aortic aneurysms: the Effective Treatments for Thoracic Aortic Aneurysms
study. Eur Heart J 2022;43:2356—69.

349 Arnaoutakis DJ, Khan TA, Scali ST, Neal D, Giles KA, Cooper MA, et
al. Remodeling, reintervention, and survival after endovascular repair of
chronic type B dissection. Ann Thorac Surg 2021;111:1560-9.

350 Hellgren T, Kuzniar M, Wanhainen A, Steuer J, Mani K. Clinical and
morphologic outcomes of endovascular repair for subacute and chronic type B
aortic dissection. Ann Vasc Surg 2021;72:390-9.

351 Ueki C, Tsuneyoshi H. Late aortic expansion after thoracic
endovascular aortic repair for chronic DeBakey llIb dissection. Ann Thorac
Surg 2021;111:1271-7.

352 Marques de Marino P, Oikonomou K, Verhoeven EL, Katsargyris A.
Techniques and outcomes of secondary endovascular repair for
postdissection TAA/TAAA. J Cardiovasc Surg (Torino) 2018;59:767—74.

353 Sa MP, Jacquemyn X, Brown JA, Ahmad D, Serna-Gallegos D,
Arnaoutakis GJ, et al. Thoracic endovascular aortic repair for hyperacute,
acute, subacute and chronic type B aortic dissection: meta-analysis of

reconstructed time-to-event data. Trends Cardiovasc Med 2024:34:479-85.

292



354 Tenorio ER, Lima GB, Marcondes GB, Oderich GS. Sizing and
planning fenestrated and branched stent-grafts in patients with chronic post-
dissection thoracoabdominal aortic aneurysms. J Cardiovasc Surg (Torino)
2020;61:416—-26.

355 Tenorio ER, Kéarkkainen JM, Mendes BC, DeMartino RR, Macedo TA,
Diderrich A, et al. Outcomes of directional branches using self-expandable or
balloon-expandable stent grafts during endovascular repair of
thoracoabdominal aortic aneurysms. J Vasc Surg 2020;71:1489-502.e6.

356 Law Y, Tsilimparis N, Rohlffs F, Makaloski V, Behrendt CA, Heidemann
F, et al. Fenestrated or branched endovascular aortic repair for postdissection
thoracoabdominal aortic aneurysm. J Vasc Surg 2019;70:404-12.

357 Oikonomou K, Kasprzak P, Katsargyris A, Marques de Marino P,
Pfister K, Verhoeven ELG. Mid-term results of fenestrated/branched stent
grafting to treat post-dissection thoraco-abdominal aneurysms. Eur J Vasc
Endovasc Surg 2019;57:102-9.

358 Kuzniar MK, Wanhainen A, Tegler G, Mani K. Endovascular treatment
of chronic aortic dissection with fenestrated and branched stent grafts. J Vasc
Surg 2021,73:1573-82.e1.

359 Verzini F, Ferrer C, Parlani G, Coscarella C, Giudice R, Frola E, et al.
Mid-term outcomes of complex endografting for chronic post-dissection
thoracoabdominal aortic aneurysms. Cardiovasc Intervent Radiol
2020;43:1440-8.

360 Abdelhalim MA, Tenorio ER, Oderich GS, Haulon S, Warren G, Adam

D, et al. Multicenter trans-Atlantic experience with fenestrated-branched

293



endovascular aortic repair of chronic post-dissection thoracoabdominal aortic
aneurysms. J Vasc Surg 2023;78:854—-62.e1l.

361 Eleshra A, Kolbel T, Tsilimparis N, Panuccio G, Scheerbaum M, Debus
ES, et al. Candy-Plug generation Il for false lumen occlusion in chronic aortic
dissection: feasibility and early results. J Endovasc Ther 2019;26:782—6.

362 Miletic KG, Kindzelski BA, Hodges KE, Beach J, Tong MZ, Bakaeen F,
et al. Impact of endovascular false lumen embolization on thoracic aortic
remodeling in chronic dissection. Ann Thorac Surg 2021;111:495-501.

363 Eleshra A, Haulon S, Bertoglio L, Lindsay T, Rohlffs F, Dias N, et al.
Custom made Candy Plug for distal false lumen occlusion in aortic dissection:
international experience. Eur J Vasc Endovasc Surg 2023;66:50—-6.

364 Tanenbaum MT, Figueroa AV, Kanamori LR, Costa Filho JE, Soto
Gonzalez M, Sulzer T, et al. Early experience with patient-specific unibody
bifurcated fenestrated-branched devices for complex endovascular aortic
aneurysm repair. J Vasc Surg 2024;80:1361-70.

365 Conrad MF, Ergul EA, Patel VI, Paruchuri V, Kwolek CJ, Cambria RP.
Management of diseases of the descending thoracic aorta in the
endovascular era: a Medicare population study. Ann Surg 2010;252:603-10.

366 Conrad MF, Chung TK, Cambria MR, Paruchuri V, Brady TJ, Cambria
RP. Effect of chronic dissection on early and late outcomes after descending
thoracic and thoracoabdominal aneurysm repair. J Vasc Surg 2011;53:600-7;
discussion 607.

367 Kouchoukos NT, Kulik A, Castner CF. Open thoracoabdominal aortic
repair for chronic type B dissection. J Thorac Cardiovasc Surg 2015;149(2

Suppl.):S125-9.

294



368 Alfonsi J, Murana G, Smeenk HG, Kelder H, Schepens M, Sonker U, et
al. Open surgical repair of post-dissection thoraco-abdominal aortic
aneurysms: early and late outcomes of a single-centre study involving over
200 patients. Eur J Cardiothorac Surg 2018;54:382-8.

369 Preventza O, Price MD, Amarasekara HS, Tullos A, Chen P, Reidy MR,
et al. Chronic type | and type Il aortic dissections: a propensity analysis of
outcomes after open distal repair. Eur J Cardiothorac Surg 2018;54:510-16.

370 Tanaka A, Sandhu HK, Afifi RO, Miller CC 3rd, Ray A, Hassan M, et al.
Outcomes of open repairs of chronic distal aortic dissection anatomically
amenable to endovascular repairs. J Thorac Cardiovasc Surg 2021;161:36—
43.e6.

371 Bashir M, Shaw M, Fok M, Harrington D, Field M, Kuduvalli M, et al.
Long-term outcomes in thoracoabdominal aortic aneurysm repair for chronic
type B dissection. Ann Cardiothorac Surg 2014;3:385-92.

372 Johnston KW, Rutherford RB, Tilson MD, Shah DM, Hollier L, Stanley
JC. Suggested standards for reporting on arterial aneurysms. Subcommittee
on Reporting Standards for Arterial Aneurysms, Ad Hoc Committee on
Reporting Standards, Society for Vascular Surgery and North American
Chapter, International Society for Cardiovascular Surgery. J Vasc Surg
1991;13:452-8.

373 Chatterjee S, Casar JG, LeMaire SA, Preventza O, Coselli JS.
Perioperative care after thoracoabdominal aortic aneurysm repair: The Baylor
College of Medicine experience. Part 1: preoperative considerations. J Thorac

Cardiovasc Surg 2021;161:693-8.

295



374 Safi HJ, Miller CC 3rd, Yawn DH, lliopoulos DC, Subramaniam M,
Harlin S, et al. Impact of distal aortic and visceral perfusion on liver function
during thoracoabdominal and descending thoracic aortic repair. J Vasc Surg
1998,;27:145-52; discussion 152-3.

375 Estrera AL, Rubenstein FS, Miller CC 3rd, Huynh TT, Letsou GV, Safi
HJ. Descending thoracic aortic aneurysm: surgical approach and treatment
using the adjuncts cerebrospinal fluid drainage and distal aortic perfusion.
Ann Thorac Surg 2001;72:481-6.

376 McClure RS, Brogly SB, Lajkosz K, Payne D, Hall SF, Johnson AP.
Epidemiology and management of thoracic aortic dissections and thoracic
aortic aneurysms in Ontario, Canada: a population-based study. J Thorac
Cardiovasc Surg 2018;155:2254—-64.e4.

377 Huang Y, Schaff HV, Dearani JA, Oderich GS, Bower TC, Kalra M, et
al. A population-based study of the incidence and natural history of
degenerative thoracic aortic aneurysms. Mayo Clin Proc 2021;96:2628-38.

378 Pham MHC, Sigvardsen PE, Fuchs A, Kuhl JT, Sillesen H, Afzal S, et
al. Aortic aneurysms in a general population cohort: prevalence and risk
factors in men and women. Eur Heart J Cardiovasc Imaging 2024;25:1235—
43.

379 Gouveia e Melo R, Silva Duarte G, Lopes A, Alves M, Caldeira D,
Fernandes EFR, et al. Synchronous and metachronous thoracic aortic
aneurysms in patients with abdominal aortic aneurysms: a systematic review
and meta-analysis. J Am Heart Assoc 2020;9:e017468.

380 Obel LM, Diederichsen AC, Steffensen FH, Frost L, Lambrechtsen J,

Busk M, et al. Population-based risk factors for ascending, arch, descending,

296



and abdominal aortic dilations for 60—74-year-old individuals. J Am Coll
Cardiol 2021;78:201-11.

381 Guo DC, Papke CL, He R, Milewicz DM. Pathogenesis of thoracic and
abdominal aortic aneurysms. Ann N Y Acad Sci 2006;1085:339-52.

382 Dapunt OE, Galla JD, Sadeghi AM, Lansman SL, Mezrow CK, de Asla
RA, et al. The natural history of thoracic aortic aneurysms. J Thorac
Cardiovasc Surg 1994;107:1323-32; discussion 1332-3.

383 Howard DP, Banerjee A, Fairhead JF, Perkins J, Silver LE, Rothwell
PM, et al. Population-based study of incidence and outcome of acute aortic
dissection and premorbid risk factor control: 10-year results from the Oxford
Vascular Study. Circulation 2013;127:2031-7.

384 Kihara T, Yamagishi K, Iso H, Tamakoshi A, JACC Study Group.
Passive smoking and mortality from aortic dissection or aneurysm.
Atherosclerosis 2017;263:145-50.

385 Zhou J, Wang Y. The causal relationship between smoking and
thoracic aortic aneurysm: evidence from Mendelian randomization analysis.
Medicine (Baltimore) 2024;103:e38361.

386 Persson SE, Holsti M, Mani K, Wanhainen A. Difference in risk factor
profile for abdominal aortic aneurysm and thoracic aortic aneurysm. J Vasc
Surg 2025;81:335-41.e6.

387 D’Cruz RT, Wee 1JY, Syn NL, Choong A. The association between
diabetes and thoracic aortic aneurysms. J Vasc Surg 2019;69:263-8.e1.

388 Zhang Y, Li Y, Dai X, Lin H, Ma L. Type 2 diabetes has a protective
causal association with thoracic aortic aneurysm: a Mendelian randomization

study. Diabetol Metab Syndr 2023;15:120.

297



389 Bonser RS, Pagano D, Lewis ME, Rooney SJ, Guest P, Davies P, et al.
Clinical and patho-anatomical factors affecting expansion of thoracic aortic
aneurysms. Heart 2000;84:277-83.

390 Huang Y, Schaff HV, Bagameri G, Pochettino A, DeMartino RR, Todd
A, et al. Differential expansion and outcomes of ascending and descending
degenerative thoracic aortic aneurysms. J Thorac Cardiovasc Surg
2024;167:918-26.e3.

391 Oladokun D, Patterson BO, Sobocinski J, Karthikesalingam A, Loftus I,
Thompson MM, et al. Systematic review of the growth rates and influencing
factors in thoracic aortic aneurysms. Eur J Vasc Endovasc Surg 2016;51:674—
81.

392 Kiang SC, Lee MM, Dakour-Aridi H, Hassan M, Afifi RO. Presentation
and outcomes of thoracic and thoracoabdominal aortic aneurysms in females,
existing gaps, and future directions: a descriptive review. Semin Vasc Surg
2023;36:501—7.

393 Cheung K, Boodhwani M, Chan KL, Beauchesne L, Dick A, Coutinho T.
Thoracic aortic aneurysm growth: role of sex and aneurysm etiology. J Am
Heart Assoc 2017;6:e003792.

394 Juvonen T, Ergin MA, Galla JD, Lansman SL, Nguyen KH, McCullough
JN, et al. Prospective study of the natural history of thoracic aortic aneurysms.
Ann Thorac Surg 1997;63:1533-45.

395 Davies RR, Goldstein LJ, Coady MA, Tittle SL, Rizzo JA, Kopf GS, et
al. Yearly rupture or dissection rates for thoracic aortic aneurysms: simple

prediction based on size. Ann Thorac Surg 2002;73:17-27; discussion 27-8.

298



396 Griepp RB, Ergin MA, Galla JD, Lansman SL, McCullough JN, Nguyen
KH, et al. Natural history of descending thoracic and thoracoabdominal
aneurysms. Ann Thorac Surg 1999;67:1927-30; discussion 1953-8.

397 Perko MJ, Norgaard M, Herzog TM, Olsen PS, Schroeder TV,
Pettersson G. Unoperated aortic aneurysm: a survey of 170 patients. Ann
Thorac Surg 1995;59:1204-9.

398 Pitt MP, Bonser RS. The natural history of thoracic aortic aneurysm
disease: an overview. J Card Surg 1997;12(2 Suppl.):270-8.

399 Fleisher LA, Fleischmann KE, Auerbach AD, Barnason SA, Beckman
JA, Bozkurt B, et al. 2014 ACC/AHA guideline on perioperative cardiovascular
evaluation and management of patients undergoing noncardiac surgery:
executive summary: a report of the American College of Cardiology/American
Heart Association Task Force on practice guidelines. Developed in
collaboration with the American College of Surgeons, American Society of
Anesthesiologists, American Society of Echocardiography, American Society
of Nuclear Cardiology, Heart Rhythm Society, Society for Cardiovascular
Angiography and Interventions, Society of Cardiovascular Anesthesiologists,
and Society of Vascular Medicine. Endorsed by the Society of Hospital
Medicine. J Nucl Cardiol 2015;22:162-215.

400 Wong KHF, Zlatanovic P, Bosanquet DC, Saratzis A, Kakkos SK,
Aboyans V, et al. Antithrombotic therapy for aortic aneurysms: a systematic
review and meta-analysis. Eur J Vasc Endovasc Surg 2022;64:544-56.

401 Luan J, Mao L, Zhu Z, Fu W, Zhu T. New indicators for systematic
assessment of aortic morphology: a narrative review. J Thorac Dis

2021;13:372-83.

299



402 Pouncey AL, Patel D, Freeman C, Sastry P, Bicknell C, Large SR, et al.
Inequalities for women diagnosed with distal arch and descending thoracic
aortic aneurysms: results from the Effective Treatments for Thoracic Aortic
Aneurysms (ETTAA) cohort study. Br J Surg 2024;111:znael85.

403 Rastogi V, Guetter CR, Patel PB, Anjorin AC, Marcaccio CL, Yadavalli
SD, et al. Clinical presentation, outcomes, and threshold for repair by sex in
degenerative saccular vs fusiform aneurysms in the descending thoracic
aorta. J Vasc Surg 2023;78:1392-401.e1.

404 Ostberg NP, Zafar MA, Mukherjee SK, Ziganshin BA, Elefteriades JA.
A machine learning approach for predicting complications in descending and
thoracoabdominal aortic aneurysms. J Thorac Cardiovasc Surg
2023;166:1011-20.e3.

405 Kim JB, Kim K, Lindsay ME, MacGillivray T, Isselbacher EM, Cambria
RP, et al. Risk of rupture or dissection in descending thoracic aortic
aneurysm. Circulation 2015;132:1620-9.

406 Abraha I, Romagnoli C, Montedori A, Cirocchi R. Thoracic stent graft
versus surgery for thoracic aneurysm. Cochrane Database Syst Rev
2016;2016:CD006796.

407 Chiu P, Goldstone AB, Schaffer JM, Lingala B, Miller DC, Mitchell RS,
et al. Endovascular versus open repair of intact descending thoracic aortic
aneurysms. J Am Coll Cardiol 2019;73:643-51.

408 Harky A, Kai Chan JS, Ming Wong CH, Bashir M. Open versus
endovascular repair of descending thoracic aortic aneurysm disease: a

systematic review and meta-analysis. Ann Vasc Surg 2019;54:304-15.e5.

300



409 Salem O, El Beyrouti H, Mulorz J, Schelzig H, Ibrahim A, Oberhuber A,
et al. Predictors for reintervention and survival during long-term follow-up after
thoracic endovascular aortic repair for descending thoracic aortic aneurysm. J
Vasc Surg 2024,80:1408-17.e3.

410 Allievi S, Rastogi V, Yadavalli SD, Mandigers TJ, Gomez-Mayorga JL,
Deery SE, et al. Sex-related outcomes after thoracic endovascular repair for
intact isolated descending thoracic aortic aneurysm: a retrospective cohort
study. Ann Surg 2024;280:165-72.

411 Mousa AY, Morcos R, Broce M, Bates MC, AbuRahma AF. New
preoperative spinal cord ischemia risk stratification model for patients
undergoing thoracic endovascular aortic repair. Vasc Endovascular Surg
2020;54:487-96.

412 Karaolanis GI, Antonopoulos CN, Charbonneau P, Georgakarakos E,
Moris D, Scali S, et al. A systematic review and meta-analysis of stroke rates
in patients undergoing thoracic endovascular aortic repair for descending
thoracic aortic aneurysm and type B dissection. J Vasc Surg 2022;76:292—
301.e3.

413 King RW, Gedney R, Ruddy JM, Genovese EA, Brothers TE,
Veeraswamy RK, et al. Occlusion of the celiac artery during endovascular
thoracoabdominal aortic aneurysm repair is associated with increased
perioperative morbidity and mortality. Ann Vasc Surg 2020;66:200-11.

414 Han M, Wang J, Zhao J, Ma Y, Huang B, Yuan D, et al. Meta-analysis
of outcomes after intentional coverage of celiac artery in thoracic

endovascular aortic repair. J Vasc Surg 2021;74:1732-9.e3.

301



415 Argyriou C, Spiliopoulos S, Katsanos K, Papatheodorou N, Lazarides
MK, Georgiadis GS. Safety and efficacy of intentional celiac artery coverage
in endovascular management of thoracoabdominal aortic diseases: a
systematic review and meta-analysis. J Endovasc Ther 2022;29:646-58.

416 Veranyan N, Willie-Permor D, Zarrintan S, Malas MB. Clinical
outcomes of celiac artery coverage vs preservation during thoracic
endovascular aortic repair. J Vasc Surg 2024;80:1371-83.e1.

417 Hanna L, Lam K, Agbeko AE, Amoako JK, Ashrafian H, Sounderajah V,
et al. Coverage of the coeliac artery during thoracic endovascular aortic
repair: a systematic review and meta-analysis. Eur J Vasc Endovasc Surg
2022;63:828-37.

418 Greenberg RK. Aortic aneurysm, thoracoabdominal aneurysm,
juxtarenal aneurysm, fenestrated endografts, branched endografts, and
endovascular aneurysm repair. Ann N'Y Acad Sci 2006;1085:187-96.

419 Gallitto E, Faggioli G, Spath P, Pini R, Mascoli C, Ancetti S, et al. The
risk of aneurysm rupture and target visceral vessel occlusion during the lead
period of custom-made fenestrated/branched endograft. J Vasc Surg
2020;72:16-24.

420 Katsargyris A, Uthayakumar V, Marques de Marino P, Botos B,
Verhoeven EL. Aneurysm rupture and mortality during the waiting time for a
customised fenestrated/branched stent graft in complex endovascular aortic
repair. Eur J Vasc Endovasc Surg 2020;60:44-8.

421 Oderich GS, Tenorio ER, Mendes BC, Lima GBB, Marcondes GB,

Saqib N, et al. Midterm outcomes of a prospective, nonrandomized study to

302



evaluate endovascular repair of complex aortic aneurysms using fenestrated-
branched endografts. Ann Surg 2021;274:491-9.

422 Glorion M, Coscas R, McWilliams RG, Javerliat I, Goeau-Brissonniere
O, Coggia M. A comprehensive review of in situ fenestration of aortic
endografts. Eur J Vasc Endovasc Surg 2016;52:787-800.

423 Piffaretti G, Franchin M, Gnesutta A, Gatta T, Piacentino F, Rivolta N,
et al. Anatomic feasibility of in-situ fenestration for isolate left subclavian
artery preservation during thoracic endovascular aortic repair using an
adjustable needle puncturing system. J Clin Med 2023;13:162.

424 Mezzetto L, Scorsone L, Silingardi R, Gennai S, Piffaretti G, Mantovani
A, et al. Bridging stents in fenestrated and branched endovascular aneurysm
repair: a systematic review. Ann Vasc Surg 2021;73:454—-62.

425 Panuccio G, Bisdas T, Berekoven B, Torsello G, Austermann M.
Performance of bridging stent grafts in fenestrated and branched aortic
endografting. Eur J Vasc Endovasc Surg 2015;50:60-70.

426 Katsargyris A, Hasemaki N, Marques de Marino P, Abu Jiries M, Gafur
N, Verhoeven ELG. Editor’'s Choice — Long term outcomes of the Advanta
V12 covered bridging stent for fenestrated and branched endovascular
aneurysm repair in 1 675 target vessels. Eur J Vasc Endovasc Surg
2023;66:313-21.

427 Pini R, Faggioli G, Gallitto E, Mascoli C, Fenelli C, Ancetti S, et al. The
different effect of branches and fenestrations on early and long-term visceral
vessel patency in complex aortic endovascular repair. J Vasc Surg

2020;71:1128-34.

303



428 Farivar BS, Brier C, Kuramochi Y, Eagleton MJ. Impact of bridging
stent design and configuration on branch vessel durability after fenestrated
endovascular repair of complex aortic aneurysms. J Vasc Surg 2021;73:819—
25.

429 Mastracci TM, Greenberg RK, Eagleton MJ, Hernandez AV. Durability
of branches in branched and fenestrated endografts. J Vasc Surg
2013;57:926-33; discussion 933.

430 Lindstrom D, Mani K, Lundberg G, Wanhainen A. Bridging stent grafts
in fenestrated and branched endovascular aortic repair: current practice and
possible complications. J Cardiovasc Surg (Torino) 2019;60:476—84.

431 Katsargyris A, Haulon S, Verhoeven ELG, Early Launch Participants.
Editor’s Choice — Initial experience with the BeFlared bridging covered stent
for fenestrated endovascular aneurysm repair. Eur J Vasc Endovasc Surg
2025;69:651-2.

432 Usai MV, Gargiulo M, Haulon S, Tielliu I, Bockler D, Verhagen H, et al.
A three-year experience with the balloon expandable GORE VIABAHN VBX in
the treatment of thoraco-abdominal aortic aneurysms within the EXPAND trial.
J Vasc Surg 2025;81:319-23.el.

433 Becker D, Sikman L, Ali A, Mosbahi S, Prendes CF, Stana J, et al.
Analysis of target vessel instability in fenestrated endovascular repair (f-
EVAR) in thoraco-abdominal aortic pathologies. J Clin Med 2024;13:2898.

434 Tsilimparis N, Bosiers M, Resch T, Torsello G, Austermann M, Rohlffs
F, et al. Two-year target vessel-related outcomes following use of off-the-shelf
branched endografts for the treatment of thoracoabdominal aortic aneurysms.

J Vasc Surg 2023;78:289-98.

304



435 Migliari M, Leone N, Veraldi GF, Simonte G, Silingardi R, Resch T, et
al. Comparison of bridging stent grafts in branched endovascular aortic repair.
J Vasc Surg 2024;79:1026-33.

436 Gallitto E, Simonte G, Fointain V, Kahlberg A, Isernia G, Melissano G,
et al. Low profile off the shelf multibranched endografts for urgent
endovascular repair of complex aortic and thoraco-abdominal aneurysms in
patients with hostile iliac access: European multicentre observational study.
Eur J Vasc Endovasc Surg 2025;69:371-9.

437 Becker D, Sikman L, Ali A, Prendes CF, Stana J, Tsilimparis N. The
impact of target vessel anatomy and bridging stent geometry on branched
endovascular aortic repair outcomes. Eur J Vasc Endovasc Surg
2024,;68:304-12.

438 Nana P, Spanos K, Behrendt CA, Brodis A, Haulon S, Kolbel T. A
systematic review on thoracic endovascular repair outcomes in blunt thoracic
aortic injuries. J Endovasc Ther 2024; doi: 10.1177/15266028241233163
[epub ahead of print].

439 Dias-Neto M, Vacirca A, Huang Y, Baghbani-Oskouei A, Jakimowicz T,
Mendes BC, et al. Outcomes of elective and non-elective fenestrated-
branched endovascular aortic repair for treatment of thoracoabdominal aortic
aneurysms. Ann Surg 2023;278:568-77.

440 Jobim F, Ruiter Kanamori L, Cambiaghi M, Mesnard T, Sulzer TA,
Savadi S, et al. Tabular review of contemporary fenestrated-branched
endovascular aortic repair experiences for treatment of thoracoabdominal

aortic aneurysms. J Cardiovasc Surg (Torino) 2024;65:499-505.

305



441 Finnesgard EJ, Jones DW, Beck AW, Eagleton MJ, Farber MA, Gasper
WJ, et al. Trends and outcomes over time with fenestrated and branched
endovascular aortic repair in the United States Aortic Research Consortium. J
Vasc Surg 2025;81:1235-43.

442 Rinaldi E, Kahlberg A, Mascia D, Favia N, Melissano G, Chiesa R.
Open repair of thoracoabdominal aortic aneurysms under left heart bypass. J
Cardiovasc Surg (Torino) 2025;66:60-70.

443 Zeigler S, Blackburn KW, Tabatabaeishoorijeh A, Glover VA, Green
SY, Moon MR, et al. Obesity and outcomes after elective thoracoabdominal
aortic aneurysm repair. JTCVS Open 2025;24:16-30.

444 Cambiaghi M, Ruiter Kanamori L, Jobim F, Mesnard T, Sulzer TA,
Babocs D, et al. Tabular review of contemporary open surgical repair
experiences for treatment of thoracoabdominal aortic aneurysms. J
Cardiovasc Surg (Torino) 2024;65:490-8.

445 Mezzetto L, Mastrorilli D, Bravo G, Scorsone L, Gennai S, Leone N, et
al. Celiac artery coverage after thoracic endovascular aortic procedure: a
meta-analysis of early and late results. J Endovasc Ther 2023;30:499-509.

446 Martin-Gonzalez T, Mastracci T, Carrell T, Constantinou J, Dias N,
Katsargyris A, et al. Mid-term outcomes of renal branches versus renal
fenestrations for thoraco-abdominal aneurysm repair. Eur J Vasc Endovasc
Surg 2016;52:141-8.

447 Glebova NO, Cameron DE, Black JH 3rd. Treatment of
thoracoabdominal aortic disease in patients with connective tissue disorders.

J Vasc Surg 2018;68:1257-67.

306



448 Odofin X, Houbby N, Hagana A, Nasser I, Ahmed A, Harky A. Thoracic
aortic aneurysms in patients with heritable connective tissue disease. J Card
Surg 2021;36:1083-90.

449 Godet G, Fleron MH, Vicaut E, Zubicki A, Bertrand M, Riou B, et al.
Risk factors for acute postoperative renal failure in thoracic or
thoracoabdominal aortic surgery: a prospective study. Anesth Analg
1997,85:1227-32.

450 Wabhlgren CM, Blohme L, Gunther A, Nilsson L, Olsson C. Outcomes of
left heart bypass versus circulatory arrest in elective open surgical descending
and thoraco-abdominal aortic repair. Eur J Vasc Endovasc Surg
2017;53:672-8.

451 Fehrenbacher JW, Hart DW, Huddleston E, Siderys H, Rice C. Optimal
end-organ protection for thoracic and thoracoabdominal aortic aneurysm
repair using deep hypothermic circulatory arrest. Ann Thorac Surg
2007;83:1041-6.

452 Schermerhorn ML, Giles KA, Hamdan AD, Dalhberg SE, Hagberg R,
Pomposelli F. Population-based outcomes of open descending thoracic aortic
aneurysm repair. J Vasc Surg 2008;48:821-7.

453 Khan FM, Naik A, Hameed I, Robinson NB, Spadaccio C, Rahouma M,
et al. Open repair of descending thoracic and thoracoabdominal aortic
aneurysms: a meta-analysis. Ann Thorac Surg 2020;110:1941-9.

454 Whitlock RS, Coselli JS. Review: perspectives on renal and visceral
protection during thoracoabdominal aortic aneurysm repair. Indian J Thorac

Cardiovasc Surg 2019;35(Suppl. 2):179-85.

307



455 Kouchoukos NT, Kulik A, Haynes M, Castner CF. Early outcomes after
thoracoabdominal aortic aneurysm repair with hypothermic circulatory arrest.
Ann Thorac Surg 2019;108:1338-43.

456 Loschi D, Melloni A, Kahlberg A, Chiesa R, Melissano G. Kidney
protection in thoracoabdominal aortic aneurysm surgery. J Cardiovasc Surg
(Torino) 2021;62:326—-38.

457 Tshomba Y, Kahlberg A, Melissano G, Coppi G, Marone E, Ferrari D,
et al. Comparison of renal perfusion solutions during thoracoabdominal aortic
aneurysm repair. J Vasc Surg 2014;59:623-33.

458 Kahlberg A, Tshomba Y, Baccellieri D, Bertoglio L, Rinaldi E, Ardita V,
et al. Renal perfusion with histidine—tryptophan—ketoglutarate compared with
Ringer’s solution in patients undergoing thoracoabdominal aortic open repair.
J Thorac Cardiovasc Surg 2023;165:569—79.e5.

459 Tanaka A, Estrera AL, Safi HJ. Open thoracoabdominal aortic
aneurysm surgery technique: how we do it. J Cardiovasc Surg (Torino)
2021;62:295-301.

460 Mascia D, Kahlberg A, Tinaglia S, Pena A, Morgad de Freitas D, Del
Carro U, et al. Intraoperative electroneurography-guided intercostal nerve
cryoablation for pain control after thoracoabdominal aneurysm open surgical
repair. Int Angiol 2022;41:128-35.

461 Fehrenbacher JW, Siderys H, Terry C, Kuhn J, Corvera JS. Early and
late results of descending thoracic and thoracoabdominal aortic aneurysm
open repair with deep hypothermia and circulatory arrest. J Thorac

Cardiovasc Surg 2010;140(6 Suppl.):S154-60; discussion S185-90.

308



462 Escobar GA, Oderich GS, Farber MA, de Souza LR, Quinones-Baldrich
WJ, Patel HJ, et al. Results of the North American Complex Abdominal Aortic
Debranching (NACAAD) registry. Circulation 2022;146:1149-58.

463 Moulakakis KG, Mylonas SN, Antonopoulos CN, Liapis CD. Combined
open and endovascular treatment of thoracoabdominal aortic pathologies: a
systematic review and meta-analysis. Ann Cardiothorac Surg 2012;1:267—-76.

464 Tshomba Y, Melissano G, Logaldo D, Rinaldi E, Bertoglio L, Civilini E,
et al. Clinical outcomes of hybrid repair for thoracoabdominal aortic
aneurysms. Ann Cardiothorac Surg 2012;1:293-303.

465 Rosset E, Ben Ahmed S, Galvaing G, Favre JP, Sessa C, Lermusiaux
P, et al. Editor’s choice — Hybrid treatment of thoracic, thoracoabdominal, and
abdominal aortic aneurysms: a multicenter retrospective study. Eur J Vasc
Endovasc Surg 2014;47:470-8.

466 Monaco F, Barucco G, Nardelli P, Licheri M, Notte C, De Luca M, et al.
Editor’s Choice — A rotational thromboelastometry driven transfusion strategy
reduces allogenic blood transfusion during open thoraco-abdominal aortic
aneurysm repair: a propensity score matched study. Eur J Vasc Endovasc
Surg 2019;58:13-22.

467 Morrison GA, Koch J, Royds M, McGee D, Chalmers RTA, Anderson J,
et al. Fibrinogen concentrate vs. fresh frozen plasma for the management of
coagulopathy during thoraco-abdominal aortic aneurysm surgery: a pilot
randomised controlled trial. Anaesthesia 2019;74:180-9.

468 Kahlberg A, Rinaldi E, Tshomba Y, Spelta S, Mascia D, Melissano G,

et al. Volumetric analysis of aneurysm thrombosis after thoracic endovascular

309



aortic repair predicts postoperative changes in platelet count and coagulation
parameters. J Cardiovasc Surg (Torino) 2018;59:419-27.

469 D’Oria M, Bertoglio L, Bignamini AA, Mani K, Kolbel T, Oderich G, et al.
Editor’'s Choice — PRINciples of optimal antithrombotiC therapy and
coagulation managEment during elective fenestrated and branched
EndovaScular aortic repairS (PRINCE?SS): an international expert based
Delphi consensus study. Eur J Vasc Endovasc Surg 2022;63:838-50.

470 Wiersema AM, Jongkind V, Bruijninckx CM, Reijnen MM, Vos JA, van
Delden OM, et al. Prophylactic perioperative anti-thrombotics in open and
endovascular abdominal aortic aneurysm (AAA) surgery: a systematic review.
Eur J Vasc Endovasc Surg 2012;44:359-67.

471 Doganer O, Roosendaal LC, Wiersema AM, Blankensteijn JD, Yeung
KK, Jongkind V. Weight based heparin dosage with activated clotting time
monitoring leads to adequate and safe anticoagulation in non-cardiac arterial
procedures. Ann Vasc Surg 2022;84:327-35.

472 Nana P, Spanos K, Brodis A, Panuccio G, Kouvelos G, Behrendt CA, et
al. Meta-analysis of comparative studies between self- and balloon-
expandable bridging stent grafts in branched endovascular aneurysm repair. J
Endovasc Ther 2023;30:336—46.

473 Tenorio ER, Schanzer A, Timaran CH, Schneider DB, Mendes BC,
U.S. Fenestrated and Branched Aortic Research Consortium, et al. Mid-term
renal and mesenteric artery outcomes during fenestrated and branched
endovascular aortic repair for complex abdominal and thoracoabdominal
aortic aneurysms in the United States Aortic Research Consortium. Ann Surg

2023;278:e893-902.

310



474 Fan EY, Schanzer A, Beck AW, Eagleton MJ, Farber MA, Gasper WJ,
et al. Practice patterns of antiplatelet and anticoagulant therapy after
fenestrated/branched endovascular aortic repair. J Vasc Surg 2024;80:968—
78.e3.

475 Nana P, Spanos K, Tsilimparis N, Haulon S, Sobocinski J, Gallitto E, et
al. Editor’'s Choice — Role of antiplatelet therapy in patients managed for
complex aortic aneurysms using fenestrated or branched endovascular repair.
Eur J Vasc Endovasc Surg 2025;69:272-81.

476 Dabravolskaite V, Meuli L, Yazar O, Bouwmann L, Mufty H, Maleux G,
et al. Antithrombotic therapy and freedom from bridging stent occlusion after
elective branched endovascular repair: a multicenter international cohort
study. J Endovasc Ther 2024; doi: 10.1177/15266028241253133 [epub ahead
of print].

477 Mugo P, Jeilan M, Msunza M, Orwa J, Ngunga M. Incidence of
bleeding and performance of the PRECISE-DAPT score in predicting bleeding
in patients on dual antiplatelet therapy after treatment for acute coronary
syndrome in Kenya. BMC Cardiovasc Disord 2025;25:137.

478 Lareyre F, Panthier F, Jean-Baptiste E, Hassen-Khodja R, Raffort J.
Coverage of accessory renal arteries during endovascular aortic aneurysm
repair: what are the consequences and the implications for clinical practice?
Angiology 2019;70:12-109.

479 Lareyre F, Raffort J, Carboni J, Chikande J, Massiot N, Voury-Pons A,
et al. Impact of polar renal artery coverage after fenestrated endovascular
aortic repair for juxtarenal and type IV thoracoabdominal aortic aneurysms.

Ann Vasc Surg 2019;58:45-53.e1.

311



480 Eleshra A, Spanos K, Panuccio G, Gronert C, Rohlffs F, Kolbel T.
Endovascular repair using a 7-branch stent-graft for a thoracoabdominal
aortic aneurysm with variant renovisceral artery anatomy. J Endovasc Ther
2020;27:231-6.

481 Spanos K, Nana P, Brotis AG, Kouvelos G, Behrendt CA, Tsilimparis N,
et al. Clinical effect of accessory renal artery coverage after endovascular
repair of aneurysms in abdominal and thoracoabdominal aorta. J Vasc Surg
2021;74:2104-13.e7.

482 Sachsamanis G, Charisis N, Maltezos K, Galyfos G, Papapetrou A,
Tsiliggiris V, et al. Management and therapeutic options for abdominal aortic
aneurysm coexistent with horseshoe kidney. J Vasc Surg 2019;69:1257—67.

483 Bartoli A, Colombo A, Pisu F, Galliena T, Gnasso C, Rinaldi E, et al.
Semiautomatic volume measure of kidney vascular territories on CT
angiography to plan aortic aneurysm repair in patients with horseshoe kidney.
Eur Radiol Exp 2024,8:133.

484 Sadeghi-Azandaryani M, Zimmermann H, Korten |, Klose A,
Scheiermann P, Treitl M, et al. Altered renal functions in patients with
occlusion of an accessory renal artery after endovascular stenting of an
infrarenal aneurysm. J Vasc Surg 2017;65:635-42.

485 Malgor RD, Oderich GS, Vrtiska TJ, Kalra M, Duncan AA, Gloviczki P,
et al. A case—control study of intentional occlusion of accessory renal arteries
during endovascular aortic aneurysm repair. J Vasc Surg 2013;58:1467—-75.

486 Pal D, Szilagyi B, Berczeli M, Szalay ClI, Sardy B, Olah Z, et al.
Ruptured aortic aneurysm and dissection related death: an autopsy database

analysis. Pathol Oncol Res 2020;26:2391-9.

312



487 von Allmen RS, Weiss S, Tevaearai HT, Kuemmerli C, Tinner C, Carrel
TP, et al. Completeness of follow-up determines validity of study findings:
results of a prospective repeated measures cohort study. PLoS One
2015;10:e0140817.

488 Ultee KHJ, Zettervall SL, Soden PA, Buck DB, Deery SE, Shean KE, et
al. The impact of endovascular repair on management and outcome of
ruptured thoracic aortic aneurysms. J Vasc Surg 2017;66:343-52.el.

489 Crawford ES. The diagnosis and management of aortic dissection.
JAMA 1990;264:2537-41.

490 Manzur M, Han SM, Dunn J, Elsayed RS, Fleischman F, Casagrande
Y, et al. Management of patients with acute aortic syndrome through a
regional rapid transport system. J Vasc Surg 2017;65:21-9.

491 lzumisawa Y, Endo H, Ichihara N, Takahashi A, Nawata K, Shiraishi H,
et al. Association between prehospital transfer distance and surgical mortality
in emergency thoracic aortic surgery. J Thorac Cardiovasc Surg
2022;163:28-35.€e1.

492 Mell MW, Starnes BW, Kraiss LW, Schneider PA, Pevec WC. Western
Vascular Society guidelines for transfer of patients with ruptured abdominal
aortic aneurysm. J Vasc Surg 2017;65:603-8.

493 Hellgren T, Wanhainen A, Steuer J, Mani K. Outcome of endovascular
repair for intact and ruptured thoracic aortic aneurysms. J Vasc Surg
2017;66:21-8.

494 De Rango P, Isernia G, Simonte G, Cieri E, Marucchini A, Farchioni L,
et al. Impact of age and urgency on survival after thoracic endovascular aortic

repair. J Vasc Surg 2016;64:25-32.

313



495 Harris KM, Strauss CE, Duval S, Unger BT, Kroshus TJ, Inampudi S, et
al. Multidisciplinary standardized care for acute aortic dissection: design and
initial outcomes of a regional care model. Circ Cardiovasc Qual Outcomes
2010;3:424-30.

496 Rudarakanchana N, Hamady M, Harris S, Afify E, Gibbs R, Bicknell
CD, et al. Early outcomes of patients transferred with ruptured suprarenal
aneurysm or dissection. Ann R Coll Surg Engl 2018;100:316-21.

497 Roberts K, Revell M, Youssef H, Bradbury AW, Adam DJ. Hypotensive
resuscitation in patients with ruptured abdominal aortic aneurysm. Eur J Vasc
Endovasc Surg 2006;31:339-44.

498 Moreno DH, Cacione DG, Baptista-Silva JC. Controlled hypotension
versus normotensive resuscitation strategy for people with ruptured
abdominal aortic aneurysm. Cochrane Database Syst Rev 2018;6:CD011664.

499 Jonker FH, Trimarchi S, Verhagen HJ, Moll FL, Sumpio BE, Muhs BE.
Meta-analysis of open versus endovascular repair for ruptured descending
thoracic aortic aneurysm. J Vasc Surg 2010;51:1026-32, 1032.e1-2.

500 Yamaguchi T, Nakai M, Sumita Y, Nishimura K, Tazaki J, Kyuragi R, et
al. Editor’'s Choice — Endovascular repair versus surgical repair for Japanese
patients with ruptured thoracic and abdominal aortic aneurysms: a nationwide
study. Eur J Vasc Endovasc Surg 2019;57:779-86.

501 Hammo S, Larzon T, Hultgren R, Wanhainen A, Mani K, Resch T, et al.
Outcome after endovascular repair of ruptured descending thoracic aortic
aneurysm: a national multicentre study. Eur J Vasc Endovasc Surg

2019:57:788-94.

314



502 Harky A, Chan JSK, Wong CHM, Francis C, Bashir M. Current
challenges in open versus endovascular repair of ruptured thoracic aortic
aneurysm. J Vasc Surg 2018;68:1582-92.

503 Xie X, Shu X, Zhang W, Guo D, Zhang WW, Wang L, et al. A
comparison of clinical outcomes of endovascular repair versus open surgery
for ruptured descending thoracic aorta. J Endovasc Ther 2022;29:307-18.

504 Vatakencherry G, Molloy C, Sheth N, Liao M, Lam CK. Percutaneous
access planning, techniques and considerations for endovascular aortic repair
(EVAR). Cardiovasc Diagn Ther 2018;8(Suppl. 1):S184-90.

505 Panossian VS, Berro MM, Ismail AM, Takkoush SI, Chahrour MA,
Fadlallah YA, et al. General versus locoregional anesthesia in TEVAR: an
NSQIP analysis. Ann Vasc Surg 2023;90:109-18.

506 Patrick WL, Fairman AS, Desai ND, Kelly JJ, Grimm JC, Schneider DB,
et al. The impact of local vs general anesthesia in patients undergoing
thoracic endovascular aortic surgery. J Vasc Surg 2022;76:88-95.e1.

507 Bae M, Jeon CH. Optimal sizing of aortic stent graft for blunt thoracic
aortic injury considering hypotension-related decrease in aortic diameter. J
Endovasc Ther 2024;31:651-7.

508 Kotelis D, Geisbusch P, Hinz U, Hyhlik-Durr A, von Tengg-Kobligk H,
Allenberg JR, et al. Short and midterm results after left subclavian artery
coverage during endovascular repair of the thoracic aorta. J Vasc Surg
2009;50:1285-92.

509 Vaddineni SK, Taylor SM, Patterson MA, Jordan WD Jr. Outcome after
celiac artery coverage during endovascular thoracic aortic aneurysm repair:

preliminary results. J Vasc Surg 2007;45:467-71.

315



510 Rizvi AZ, Murad MH, Fairman RM, Erwin PJ, Montori VM. The effect of
left subclavian artery coverage on morbidity and mortality in patients
undergoing endovascular thoracic aortic interventions: a systematic review
and meta-analysis. J Vasc Surg 2009;50:1159-69.

511 von Allmen RS, Anjum A, Powell JT. Outcomes after endovascular or
open repair for degenerative descending thoracic aortic aneurysm using
linked hospital data. Br J Surg 2014;101:1244-51.

512 Zhang LL, Weaver FA, Rowe VL, Ziegler KR, Magee GA, Han SM.
Antegrade in situ fenestrated endovascular repair of a ruptured
thoracoabdominal aortic aneurysm. J Vasc Surg Cases Innov Tech
2020;6:416-21.

513 Kilic A, Shah AS, Black JH 3rd, Whitman GJ, Yuh DD, Cameron DE, et
al. Trends in repair of intact and ruptured descending thoracic aortic
aneurysms in the United States: a population-based analysis. J Thorac
Cardiovasc Surg 2014;147:1855-60.

514 Hongku K, Sonesson B, Bjorses K, Holst J, Resch T, Dias NV. Mid-
term outcomes of endovascular repair of ruptured thoraco-abdominal aortic
aneurysms with off the shelf branched stent grafts. Eur J Vasc Endovasc Surg
2018;55:377-84.

515 Le Houerou T, Alvarez-Marcos F, Gaudin A, Bosse C, Costanzo A,
Vallee A, et al. Midterm outcomes of antegrade in situ laser fenestration of
polyester endografts for urgent treatment of aortic pathologies involving the

visceral and renal arteries. Eur J Vasc Endovasc Surg 2023;65:720-7.

316



516 Scali ST, Neal D, Sollanek V, Martin T, Sablik J, Huber TS, et al.
Outcomes of surgeon-modified fenestrated-branched endograft repair for
acute aortic pathology. J Vasc Surg 2015;62:1148-59.e2.

517 Koleilat I, Nussenblatt B, Freidmann P, Lipsitz E, Indes J. Physician-
modified endografts versus chimney/snorkel for ruptured and symptomatic
juxtarenal and paravisceral aneurysms in the Vascular Quality Initiative. Ann
Vasc Surg 2022;82:249-57.

518 Leshnower BG, Duwayri YM, Chen EP, Li C, Zehner CA, Binongo JN,
et al. Aortic remodeling after endovascular repair of complicated acute type B
aortic dissection. Ann Thorac Surg 2017;103:1878-85.

519 Hashimoto T, Kato N, Kondo Y, Hirano K, Higashigawa T, Chino S.
Treatment of a ruptured chronic aortic dissection using stent-graft placement
and coil embolization. J Vasc Interv Radiol 2015;26:288-90.

520 Rohlffs F, Tsilimparis N, Panuccio G, Heidemann F, Behrendt CA,
Kolbel T. The Knickerbocker technique: technical aspects and single-center
results of a new endovascular method for false lumen occlusion in chronic
aortic dissection. J Endovasc Ther 2023;30:609-14.

521 Li HL, Chan YC, Jia HY, Cheng SW. Methods and outcomes of
endovascular false lumen embolization for thoracic aortic dissection. Ann
Vasc Surg 2022;85:371-82.

522 Nation DA, Wang GJ. TEVAR: endovascular repair of the thoracic
aorta. Semin Intervent Radiol 2015;32:265-71.

523 Ghanta RK, Green SY, Price MD, Arredondo CC, Wainwright D,

Preventza O, et al. Midterm survival and quality of life after extent Il

317



thoracoabdominal aortic repair in Marfan syndrome. Ann Thorac Surg
2016;101:1402-9; discussion 1409.

524 Gaudino M, Lau C, Munjal M, Girardi LN. Open repair of ruptured
descending thoracic and thoracoabdominal aortic aneurysms. J Thorac
Cardiovasc Surg 2015;150:814-21.

525 Ogawa Y, Watkins AC, Lingala B, Nathan I, Chiu P, Iwakoshi S, et al.
Improved midterm outcomes after endovascular repair of nontraumatic
descending thoracic aortic rupture compared with open surgery. J Thorac
Cardiovasc Surg 2021;161:2004-12.

526 Fiorucci B, Kolbel T, Rohlffs F, Heidemann F, Carpenter SW, Debus
ES, et al. The role of thoracic endovascular repair in elective, symptomatic
and ruptured thoracic aortic diseases. Eur J Cardiothorac Surg 2019;56:197—
203.

527 Walsh K, O’Connor DJ, Weaver F, Trimarchi S, Cao L, Wilderman M, et
al. Survival after endovascular therapy in patients with ruptured thoracic aortic
diseases: results from the Global Registry for Endovascular Aortic Treatment
registry. J Vasc Surg 2020;72:1544-51.

528 Piffaretti G, Menegolo M, Kahlberg A, Mariscalco G, Rinaldi E, Castelli
P, et al. Hemothorax management after endovascular treatment for thoracic
aortic rupture. Eur J Vasc Endovasc Surg 2015;50:608-13.

529 Ju MH, Nooromid MJ, Rodriguez HE, Eskandari MK. Management of
hemothorax after thoracic endovascular aortic repair for ruptured aneurysms.

Vascular 2018;26:39—-46.

318



530 Hiraoka T, Komiya T, Tsuneyoshi H, Shimamoto T. Risk factors for
spinal cord ischaemia after thoracic endovascular aortic repair. Interact
Cardiovasc Thorac Surg 2018;27:54-9.

531 Keith CJ Jr, Passman MA, Carignan MJ, Parmar GM, Nagre SB,
Patterson MA, et al. Protocol implementation of selective postoperative
lumbar spinal drainage after thoracic aortic endograft. J Vasc Surg
2012;55:1-8; discussion 8.

532 DuBose JJ, Leake SS, Brenner M, Pasley J, O’Callaghan T, Luo-Owen
X, et al. Contemporary management and outcomes of blunt thoracic aortic
injury: a multicenter retrospective study. J Trauma Acute Care Surg
2015,78:360-9.

533 Gombert A, Barbati ME, Storck M, Kotelis D, Keschenau P, Pape HC,
et al. Treatment of blunt thoracic aortic injury in Germany—assessment of the
TraumaRegister DGU®. PLoS One 2017;12:e0171837.

534 Trlica J, Kucerova S, Kocova E, Koci J, Habal P, Raupach J, et al.
Deceleration thoracic aortic ruptures in trauma center level | areas: a 6-year
retrospective study. Eur J Trauma Emerg Surg 2019;45:943-9.

535 Mill V, Wahlgren CM, Dias N, Gillgren P, Wanhainen A, Steuer J, et al.
Long term outcomes of endovascular repair for blunt traumatic aortic injury: a
twenty year multicentre follow up study. Eur J Vasc Endovasc Surg
2025;69:382-90.

536 Richens D, Kotidis K, Neale M, Oakley C, Fails A. Rupture of the aorta
following road traffic accidents in the United Kingdom 1992-1999. The results
of the Co-Operative Crash Injury study. Eur J Cardiothorac Surg

2003;23:143-8.

319



537 Burkhart HM, Gomez GA, Jacobson LE, Pless JE, Broadie TA. Fatal
blunt aortic injuries: a review of 242 autopsy cases. J Trauma 2001;50:113—
15.

538 Azizzadeh A, Keyhani K, Miller CC 3rd, Coogan SM, Safi HJ, Estrera
AL. Blunt traumatic aortic injury: initial experience with endovascular repair. J
Vasc Surg 2009;49:1403-8.

539 Quiroga E, Starnes BW, Tran NT, Singh N. Implementation and results
of a practical grading system for blunt thoracic aortic injury. J Vasc Surg
2019;70:1082-8.

540 Jacob-Brassard J, Salata K, Kayssi A, Hussain MA, Forbes TL, Al-
Omran M, et al. A systematic review of nonoperative management in blunt
thoracic aortic injury. J Vasc Surg 2019;70:1675-81.e6.

541 Ceja-Rodriguez M, Realyvasquez A, Galante J, Pevec WC, Humphries
M. Differences in aortic diameter measurements with intravascular ultrasound
and computed tomography after blunt traumatic aortic injury. Ann Vasc Surg
2018;50:148-53.

542 Bogert JN, Harvin JA, Cotton BA. Damage control resuscitation. J
Intensive Care Med 2016;31:177-86.

543 Soong TK, Wee IJY, Tseng FS, Syn N, Choong A. A systematic review
and meta-regression analysis of nonoperative management of blunt traumatic
thoracic aortic injury in 2897 patients. J Vasc Surg 2019;70:941-53.e13.

544 Yadavalli SD, Romijn AC, Rastogi V, Summers SP, Marcaccio CL,
Zettervall SL, et al. Outcomes following thoracic endovascular aortic repair for
blunt thoracic aortic injury stratified by Society for Vascular Surgery grade. J

Vasc Surg 2023;78:38-47.e2.

320



545 Golestani S, Dubose JJ, Efird J, Teixeira PG, Cardenas TC, Trust MD,
et al. Nonoperative management for low-grade blunt thoracic aortic injury. J
Am Coll Surg 2024;238:1099-104.

546 De Freitas S, Joyce D, Yang Y, Dunphy K, Walsh S, Fatima J.
Systematic review and meta-analysis of nonoperative management for SVS
grade Il blunt traumatic aortic injury. Ann Vasc Surg 2024,;98:220-7.

547 Fabian TC, Davis KA, Gavant ML, Croce MA, Melton SM, Patton JH,
Jr, et al. Prospective study of blunt aortic injury: helical CT is diagnostic and
antihypertensive therapy reduces rupture. Ann Surg 1998;227:666—76;
discussion 676—7.

548 Rabin J, Harris DG, Crews GA, Ho M, Taylor BS, Sarkar R, et al. Early
aortic repair worsens concurrent traumatic brain injury. Ann Thorac Surg
2014,98:46-51, discussion 51-2.

549 Arbabi CN, DuBose J, Starnes BW, Saqib N, Quiroga E, Miller C, et al.
Outcomes of thoracic endovascular aortic repair in patients with concomitant
blunt thoracic aortic injury and traumatic brain injury from the Aortic Trauma
Foundation global registry. J Vasc Surg 2022;75:930-8.

550 Fox N, Schwartz D, Salazar JH, Haut ER, Dahm P, Black JH, et al.
Evaluation and management of blunt traumatic aortic injury: a practice
management guideline from the Eastern Association for the Surgery of
Trauma. J Trauma Nurs 2015;22:99-110.

551 Alarhayem AQ, Rasmussen TE, Farivar B, Lim S, Braverman M, Hardy
D, et al. Timing of repair of blunt thoracic aortic injuries in the thoracic

endovascular aortic repair era. J Vasc Surg 2021;73:896—-902.

321



552 Marcaccio CL, Dumas RP, Huang Y, Yang W, Wang GJ, Holena DN.
Delayed endovascular aortic repair is associated with reduced in-hospital
mortality in patients with blunt thoracic aortic injury. J Vasc Surg 2018;68.64—
73.

553 Romijn AC, Rastogi V, Proano-Zamudio JA, Argandykov D, Marcaccio
CL, Giannakopoulos GF, et al. Early versus delayed thoracic endovascular
aortic repair for blunt thoracic aortic injury: a propensity score-matched
analysis. Ann Surg 2023;278:e848-54.

554 Paul JS, Neideen T, Tutton S, Milia D, Tolat P, Foley D, et al. Minimal
aortic injury after blunt trauma: selective nonoperative management is safe. J
Trauma 2011,71:1519-23.

555 Osgood MJ, Heck JM, Rellinger EJ, Doran SL, Garrard CL 3rd,
Guzman RJ, et al. Natural history of grade I-Il blunt traumatic aortic injury. J
Vasc Surg 2014;59:334-41.

556 Rabin J, DuBose J, Sliker CW, O’Connor JV, Scalea TM, Griffith BP.
Parameters for successful nonoperative management of traumatic aortic
injury. J Thorac Cardiovasc Surg 2014;147:143-9.

557 Holmes JH 4th, Bloch RD, Hall RA, Carter YM, Karmy-Jones RC.
Natural history of traumatic rupture of the thoracic aorta managed
nonoperatively: a longitudinal analysis. Ann Thorac Surg 2002;73:1149-54.

558 Starnes BW, Lundgren RS, Gunn M, Quade S, Hatsukami TS, Tran
NT, et al. A new classification scheme for treating blunt aortic injury. J Vasc

Surg 2012;55:47-54.

322



559 Harris DG, Rabin J, Kufera JA, Taylor BS, Sarkar R, O’Connor JV, et
al. A new aortic injury score predicts early rupture more accurately than
clinical assessment. J Vasc Surg 2015;61:332-8.

560 Yadavalli SD, Summers SP, Rastogi V, Romijn AC, Marcaccio CL,
Lagazzi E, et al. The impact of urgency of repair on outcomes following
thoracic endovascular aortic repair for blunt thoracic aortic injury. J Vasc Surg
2024;79:229-39.e3.

561 Demetriades D, Velmahos GC, Scalea TM, Jurkovich GJ, Karmy-Jones
R, Teixeira PG, et al. Operative repair or endovascular stent graft in blunt
traumatic thoracic aortic injuries: results of an American Association for the
Surgery of Trauma multicenter study. J Trauma 2008;64:561—70; discussion
570-1.

562 Tang GL, Tehrani HY, Usman A, Katariya K, Otero C, Perez E, et al.
Reduced mortality, paraplegia, and stroke with stent graft repair of blunt aortic
transections: a modern meta-analysis. J Vasc Surg 2008;47:671-5.

563 Grigorian A, Spencer D, Donayre C, Nahmias J, Schubl S, Gabriel V, et
al. National trends of thoracic endovascular aortic repair versus open repair in
blunt thoracic aortic injury. Ann Vasc Surg 2018;52:72-8.

564 Kim SH, Huh U, Song S, Kim MS, Kim CW, Jeon CH, et al. Open repair
versus thoracic endovascular aortic repair for treating traumatic aortic injury.
Asian J Surg 2022;45:2224-30.

565 van der Zee CP, Vainas T, van Brussel FA, Tielliu IF, Zeebregts CJ,
van der Laan MJ. Endovascular treatment of traumatic thoracic aortic lesions:
a systematic review and meta-analysis. J Cardiovasc Surg (Torino)

2019;60:100-10.

323



566 Gennai S, Leone N, Mezzetto L, Veraldi GF, Santi D, Spaggiari G, et al.
Systematic review and meta-analysis of long-term reintervention following
thoracic endovascular repair for blunt traumatic aortic injury. J Vasc Surg
2023;78:540-7.e4.

567 Jubouri M, Surkhi AO, Al-Tawil M, Geragotellis A, Abdaljawwad TZI,
Qudaih M, et al. Long-term survival and reintervention following thoracic
endovascular aortic repair in blunt traumatic thoracic aortic injury: a
systematic review and meta-analysis. Ann Vasc Surg 2024;109:162-76.

568 Khoynezhad A, Azizzadeh A, Donayre CE, Matsumoto A, Velazquez O,
White R, et al. Results of a multicenter, prospective trial of thoracic
endovascular aortic repair for blunt thoracic aortic injury (RESCUE trial). J
Vasc Surg 2013;57:899-905.e1.

569 Khoynezhad A, Donayre CE, Azizzadeh A, White R, RESCUE
investigators. One-year results of thoracic endovascular aortic repair for blunt
thoracic aortic injury (RESCUE trial). J Thorac Cardiovasc Surg
2015;149:155-61.e4.

570 Farber MA, Giglia JS, Starnes BW, Stevens SL, Holleman J, Chaer R,
et al. Evaluation of the redesigned conformable GORE TAG thoracic
endoprosthesis for traumatic aortic transection. J Vasc Surg 2013;58:651-8.

571 Garcia Reyes ME, Goncalves Martins G, Fernandez Valenzuela V,
Dominguez Gonzalez JM, Maeso Lebrun J, Bellmunt Montoya S. Long-term
outcomes of thoracic endovascular aortic repair focused on bird beak and
oversizing in blunt traumatic thoracic aortic injury. Ann Vasc Surg

2018:50:140-7.

324



572 Muhs BE, Balm R, White GH, Verhagen HJ. Anatomic factors
associated with acute endograft collapse after Gore TAG treatment of thoracic
aortic dissection or traumatic rupture. J Vasc Surg 2007;45:655—61.

573 Jonker FH, Verhagen HJ, Mojibian H, Davis KA, Moll FL, Muhs BE.
Aortic endograft sizing in trauma patients with hemodynamic instability. J
Vasc Surg 2010;52:39-44.

574 Goldstein BH, Hirsch R, Zussman ME, Vincent JA, Torres AJ, Coulson
J, et al. Percutaneous balloon-expandable covered stent implantation for
treatment of traumatic aortic injury in children and adolescents. Am J Cardiol
2012;110:1541-5.

575 Kenel-Pierre S, Ramos Duran E, Abi-Chaker A, Melendez F, Alghamdi
H, Bornak A, et al. The role of heparin in endovascular repair of blunt thoracic
aortic injury. J Vasc Surg 2019;70:1809-15.

576 Takagi H, Kawai N, Umemoto T. A meta-analysis of comparative
studies of endovascular versus open repair for blunt thoracic aortic injury. J
Thorac Cardiovasc Surg 2008;135:1392—4.

577 Estrera AL, Gochnour DC, Azizzadeh A, Miller CC 3rd, Coogan S,
Charlton-Ouw K, et al. Progress in the treatment of blunt thoracic aortic injury:
12-year single-institution experience. Ann Thorac Surg 2010;90:64-71.

578 Cheng YT, Cheng CT, Wang SY, Wu VC, Chu PH, Chou AH, et al.
Long-term outcomes of endovascular and open repair for traumatic thoracic
aortic injury. JAMA Netw Open 2019;2:e187861.

579 Steuer J, Bjorck M, Sonesson B, Resch T, Dias N, Hultgren R, et al.

Editor’'s Choice — Durability of endovascular repair in blunt traumatic thoracic

325



aortic injury: long-term outcome from four tertiary referral centers. Eur J Vasc
Endovasc Surg 2015;50:460-5.

580 Vallerio P, Maloberti A, D’Alessio |, Lista A, Varrenti M, Castelnuovo S,
et al. Cardiovascular remodeling after endovascular treatment for thoracic
aortic injury. Ann Vasc Surg 2019;61:134-41.

581 Mandigers TJ, Bissacco D, Domanin M, D’Alessio I, Tolva VS, Piffaretti
G, et al. Cardiac and aortic modifications after endovascular repair for blunt
thoracic aortic injury: a systematic review. Eur J Vasc Endovasc Surg
2022;64:176-87.

582 Bissacco D, Conti M, Domanin M, Bianchi D, Scudeller L, Mandigers
TJ, et al. Modifications in aortic stiffness after endovascular or open aortic
repair: a systematic review and meta-analysis. Eur J Vasc Endovasc Surg
2022:63:567-77.

583 Heystraten FM, Rosenbusch G, Kingma LM, Lacquet LK. Chronic
posttraumatic aneurysm of the thoracic aorta: surgically correctable occult
threat. AJR Am J Roentgenol 1986;146:303-8.

584 Frohlich MM, Suh GY, Bondesson J, Leineweber M, Lee JT, Dake MD,
et al. Thoracic aortic geometry correlates with endograft bird-beaking severity.
J Vasc Surg 2020;72:1196-205.

585 Cheng L, Xiang D, Zhang S, Zheng C, Wu X. Reintervention after
thoracic endovascular aortic repair of uncomplicated type B aortic dissection.
J Clin Med 2023;12:1418.

586 Verhoeven EL, Katsargyris A, Bekkema F, Oikonomou K, Zeebregts

CJ, Ritter W, et al. Editor’'s Choice — Ten-year experience with endovascular

326



repair of thoracoabdominal aortic aneurysms: results from 166 consecutive
patients. Eur J Vasc Endovasc Surg 2015;49:524-31.

587 Magsood HA, Jawed HA, Kumar H, Bansal R, Shahid B, Nazir A, et al.
Advanced imaging techniques for complex endovascular aortic repair:
preoperative, intraoperative and postoperative advancements. Ann Vasc Surg
2024;108:519-56.

588 Lowe C, Abbas A, Rogers S, Smith L, Ghosh J, McCollum C. Three-
dimensional contrast-enhanced ultrasound improves endoleak detection and
classification after endovascular aneurysm repair. J Vasc Surg 2017;65:1453—
9.

589 Mirza TA, Karthikesalingam A, Jackson D, Walsh SR, Holt PJ, Hayes
PD, et al. Duplex ultrasound and contrast-enhanced ultrasound versus
computed tomography for the detection of endoleak after EVAR: systematic
review and bivariate meta-analysis. Eur J Vasc Endovasc Surg 2010;39:418—
28.

590 Jean-Baptiste E, Feugier P, Cruzel C, Sarlon-Bartoli G, Reix T,
Steinmetz E, et al. Computed tomography-aortography versus color-duplex
ultrasound for surveillance of endovascular abdominal aortic aneurysm repair:
a prospective multicenter diagnostic-accuracy study (the ESSEA trial). Circ
Cardiovasc Imaging 2020;13:e009886.

591 Bredahl KK, Taudorf M, Lonn L, Vogt KC, Sillesen H, Eiberg JP.
Contrast enhanced ultrasound can replace computed tomography
angiography for surveillance after endovascular aortic aneurysm repair. Eur J

Vasc Endovasc Surg 2016;52:729-34.

327



592 Gallo M, van den Berg JC, Torre T, Riggi M, Demertzis S, Ferrari E.
Long-term outcomes and risk factors analysis for patients undergoing thoracic
endovascular aorta repair (TEVAR), according to the aortic pathologies. Ann
Vasc Surg 2023;94:362-8.

593 Rinaudo A, Raffa GM, Scardulla F, Pilato M, Scardulla C, Pasta S.
Biomechanical implications of excessive endograft protrusion into the aortic
arch after thoracic endovascular repair. Comput Biol Med 2015;66:235-41.

594 Donik Z, Li W, Nnate B, Pugar JA, Nguyen N, Milner R, et al. A
computational study of artery curvature and endograft oversize influence on
seal zone behavior in endovascular aortic repair. Comput Biol Med
2024,178:108745.

595 Budtz-Lilly J, D’Oria M, Gallitto E, Bertoglio L, Kolbel T, Lindstrom D, et
al. European multicentric experience with Fenestrated-Branched
ENDOvascular stent grafting after previous FAILed infrarenal aortic repair: the
EU-FBENDO-FAIL registry. Ann Surg 2023;278:389-95.

596 Fidalgo-Domingos L, San Norberto EM, Fidalgo-Domingos D, Martin-
Pedrosa M, Cenizo N, Estevez I, et al. Geometric and hemodynamic analysis
of fenestrated and multibranched aortic endografts. J Vasc Surg
2020;72:1567-75.

597 Gallitto E, Faggioli G, Pini R, Mascoli C, Ancetti S, Abualhin M, et al.
Renal artery orientation influences the renal outcome in endovascular
thoraco-abdominal aortic aneurysm repair. Eur J Vasc Endovasc Surg
2018;56:382—-90.

598 Ruiter Kanamori L, Dias-Neto M, Porras-Colon J, Lima GB, Huang Y,

Figueroa A, et al. Treatment and outcomes of type llIb endoleaks affecting the

328



main fenestrated-branched aortic stent graft component among patients
treated for complex abdominal and thoracoabdominal aortic aneurysms. J
Vasc Surg 2025; doi: 10.1016/j.jvs.2025.06.112 [epub ahead of print].

599 van der Riet C, Schuurmann RCL, Verhoeven ELG, Katsargyris A,
Tielliu IFJ, Resch T, et al. Three-dimensional geometric analysis of balloon-
expandable covered stents improves classification of complications after
fenestrated endovascular aneurysm repair. J Clin Med 2022;11:5716.

600 Leurs LJ, Harris PL, Buth J, EUROSTAR Collaborators. Secondary
interventions after elective endovascular repair of degenerative thoracic aortic
aneurysms: results of the European collaborators registry (EUROSTAR). J
Vasc Interv Radiol 2007;18:491-5.

601 Seike Y, Matsuda H, Shimizu H, Ishimaru S, Hoshina K, Michihata N, et
al. Nationwide analysis of persistent type Il endoleak and late outcomes of
endovascular abdominal aortic aneurysm repair in Japan: a propensity-
matched analysis. Circulation 2022;145:1056—66.

602 Pineda DM, Calligaro KD, Tyagi S, Troutman DA, Dougherty MJ. Late
type Il endoleaks after endovascular aneurysm repair require intervention
more frequently than early type Il endoleaks. J Vasc Surg 2018;67:449-52.

603 Perini P, Gargiulo M, Silingardi R, Bonardelli S, Bellosta R, Franchin M,
et al. Occult endoleaks revealed during open conversions after endovascular
aortic aneurysm repair in a multicenter experience. Int Angiol 2022;41:476—
82.

604 D’Cruz RT, Syn N, Wee |, Choong A, Singapore Vascular Surgical

Collaborative (SingvVaSC). Risk factors for distal stent graft-induced new entry

329



in type B aortic dissections: systematic review and meta-analysis. J Vasc
Surg 2019;70:1682-93.e1.

605 Weng SH, Weng CF, Chen WY, Huang CY, Chen IM, Chen CK, et al.
Reintervention for distal stent graft-induced new entry after endovascular
repair with a stainless steel-based device in aortic dissection. J Vasc Surg
2013;57:64-71.

606 Yoon WJ, Mani K, Wanhainen A. Computational fluid dynamics
analysis of a new dissection specific stent graft with the aim to prevent distal
stent graft induced new entry (dSINE). Eur J Vasc Endovasc Surg
2023;66:146—7.

607 He H, Yao K, Nie WP, Wang Z, Liang Q, Shu C, et al. Modified
Petticoat technique with pre-placement of a distal bare stent improves early
aortic remodeling after complicated acute Stanford type B aortic dissection.
Eur J Vasc Endovasc Surg 2015;50:450-9.

608 Burdess A, Mani K, Tegler G, Wanhainen A. Stent-graft induced new
entry tears after type B aortic dissection: how to treat and how to prevent? J
Cardiovasc Surg (Torino) 2018;59:789-96.

609 Janosi RA, Tsagakis K, Bettin M, Kahlert P, Horacek M, Al-Rashid F, et
al. Thoracic aortic aneurysm expansion due to late distal stent graft-induced
new entry. Catheter Cardiovasc Interv 2015;85:E43-53.

610 von Kodolitsch Y, Kutsche K. Genetic diagnostics of inherited aortic
diseases: medical strategy analysis. Herz 2017;42:459-67.

611 De Paepe A, Devereux RB, Dietz HC, Hennekam RC, Pyeritz RE.
Revised diagnostic criteria for the Marfan syndrome. Am J Med Genet

1996:62:417-26.

330



612 Loeys BL, Dietz HC, Braverman AC, Callewaert BL, De Backer J,
Devereux RB, et al. The revised Ghent nosology for the Marfan syndrome. J
Med Genet 2010;47:476-85.

613 Jondeau G, Detaint D, Tubach F, Arnoult F, Milleron O, Raoux F, et al.
Aortic event rate in the Marfan population: a cohort study. Circulation
2012;125:226-32.

614 Requejo-Garcia L, Martinez-Lopez R, Plana-Andani E, Medina-
Badenes P, Hernandiz-Martinez A, Torres-Blanco A, et al. Extrathoracic
aneurysms in Marfan syndrome: a systematic review of the literature. Ann
Vasc Surg 2022;87:548-59.

615 Goldstein SA, Evangelista A, Abbara S, Arai A, Asch FM, Badano LP,
et al. Multimodality imaging of diseases of the thoracic aorta in adults: from
the American Society of Echocardiography and the European Association of
Cardiovascular Imaging: endorsed by the Society of Cardiovascular
Computed Tomography and Society for Cardiovascular Magnetic Resonance.
J Am Soc Echocardiogr 2015;28:119-82.

616 Keane MG, Pyeritz RE. Medical management of Marfan syndrome.
Circulation 2008;117:2802-13.

617 Hofmann Bowman MA, Eagle KA, Milewicz DM. Update on clinical
trials of losartan with and without beta-blockers to block aneurysm growth in
patients with Marfan syndrome: a review. JAMA Cardiol 2019;4:702—7.

618 Forteza A, Evangelista A, Sanchez V, Teixido-Tura G, Sanz P,
Gutierrez L, et al. Efficacy of losartan vs. atenolol for the prevention of aortic
dilation in Marfan syndrome: a randomized clinical trial. Eur Heart J

2016;37:978-85.

331



619 Mullen M, Jin XY, Child A, Stuart AG, Dodd M, AIMS Investigators, et
al. Irbesartan in Marfan syndrome (AIMS): a double-blind, placebo-controlled
randomised trial. Lancet 2019;394:2263-70.

620 Milleron O, Arnoult F, Delorme G, Detaint D, Pellenc Q, Raffoul R, et al.
Pathogenic FBN1 genetic variation and aortic dissection in patients with
Marfan syndrome. J Am Coll Cardiol 2020;75:843-53.

621 Roselli EE, Idrees JJ, Lowry AM, Masabni K, Soltesz EG, Johnston DR,
et al. Beyond the aortic root: staged open and endovascular repair of arch and
descending aorta in patients with connective tissue disorders. Ann Thorac
Surg 2016;101:906-12.

622 Patel ND, Crawford T, Magruder JT, Alejo DE, Hibino N, Black J, et al.
Cardiovascular operations for Loeys—Dietz syndrome: intermediate-term
results. J Thorac Cardiovasc Surg 2017;153:406-12.

623 Calderon-Martinez E, Velasco WV, Guo D, Hostetler EH, Xun Z,
Stephens S, et al. Differences in arterial events in vascular Ehlers—Danlos,
Loeys—Dietz, and Marfan syndrome. J Am Coll Cardiol 2025;85:2355-67.

624 Koefoed AW, Huguenard AL, Johnson GW, Deych E, Guo D, Milewicz
DM, et al. Characterization of arterial aneurysms in Loeys—Dietz syndrome. J
Am Coll Cardiol 2025;85:2343-52.

625 Loeys BL, Schwarze U, Holm T, Callewaert BL, Thomas GH, Pannu H,
et al. Aneurysm syndromes caused by mutations in the TGF-beta receptor. N
Engl J Med 2006;355:788-98.

626 Frank M, Albuisson J, Ranque B, Golmard L, Mazzella JM, Bal-

Theoleyre L, et al. The type of variants at the COL3A1 gene associates with

332



the phenotype and severity of vascular Ehlers—Danlos syndrome. Eur J Hum
Genet 2015;23:1657-64.

627 Pepin MG, Schwarze U, Rice KM, Liu M, Leistritz D, Byers PH. Survival
is affected by mutation type and molecular mechanism in vascular Ehlers—
Danlos syndrome (EDS type 1V). Genet Med 2014;16:881-8.

628 Pepin M, Schwarze U, Superti-Furga A, Byers PH. Clinical and genetic
features of Ehlers—Danlos syndrome type IV, the vascular type. N Engl J Med
2000;342:673-80.

629 Lum YW, Brooke BS, Black JH 3rd. Contemporary management of
vascular Ehlers—Danlos syndrome. Curr Opin Cardiol 2011;26:494-501.

630 Byers PH, Belmont J, Black J, De Backer J, Frank M, Jeunemaitre X, et
al. Diagnosis, natural history, and management in vascular Ehlers—Danlos
syndrome. Am J Med Genet C Semin Med Genet 2017;175:40-7.

631 Ong KT, Perdu J, De Backer J, Bozec E, Collignon P, Emmerich J, et
al. Effect of celiprolol on prevention of cardiovascular events in vascular
Ehlers—Danlos syndrome: a prospective randomised, open, blinded-endpoints
trial. Lancet 2010;376:1476—-84.

632 De Backer J, De Backer T. Vascular Ehlers—Danlos syndrome
management: the Paris way, a step forward on a long road. J Am Coll Cardiol
2019;73:1958-60.

633 Baderkhan H, Wanhainen A, Stenborg A, Stattin EL, Bjorck M.
Celiprolol treatment in patients with vascular Ehlers—Danlos syndrome. Eur J

Vasc Endovasc Surg 2021;61:326-31.

333



634 Jeunemaitre X, Mousseaux E, Frank M, Adham S, Pitocco F, Billon C,
et al. Efficacy of irbesartan in celiprolol-treated patients with vascular Ehlers—
Danlos syndrome. Circulation 2025;151:686—95.

635 Bowen JM, Hernandez M, Johnson DS, Green C, Kammin T, Baker D,
et al. Diagnosis and management of vascular Ehlers—Danlos syndrome:
experience of the UK national diagnostic service, Sheffield. Eur J Hum Genet
2023;31:749-60.

636 Shalhub S, Byers PH, Hicks KL, Charlton-Ouw K, Zarkowsky D,
Coleman DM, et al. A multi-institutional experience in the aortic and arterial
pathology in individuals with genetically confirmed vascular Ehlers—Danlos
syndrome. J Vasc Surg 2019;70:1543-54.

637 Oderich GS, Panneton JM, Bower TC, Lindor NM, Cherry KJ, Noel AA,
et al. The spectrum, management and clinical outcome of Ehlers—Danlos
syndrome type 1V: a 30-year experience. J Vasc Surg 2005;42:98-106.

638 Aranson NJ, Patel PB, Mohebali J, Lancaster RT, Ergul EA, Clouse
WD, et al. Presentation, surgical intervention, and long-term survival in
patients with Marfan syndrome. J Vasc Surg 2020;72:480-9.

639 Waterman AL, Feezor RJ, Lee WA, Hess PJ, Beaver TM, Martin TD, et
al. Endovascular treatment of acute and chronic aortic pathology in patients
with Marfan syndrome. J Vasc Surg 2012;55:1234-40; discussion 1240-1.

640 Eid-Lidt G, Gaspar J, Melendez-Ramirez G, Cervantes SJ, Gonzalez-
Pacheco H, Damas de Los Santos F, et al. Endovascular treatment of type B
dissection in patients with Marfan syndrome: mid-term outcomes and aortic

remodeling. Catheter Cardiovasc Interv 2013;82:E898-905.

334



641 Nordon IM, Hinchliffe RJ, Holt PJ, Morgan R, Jahangiri M, Loftus IM, et
al. Endovascular management of chronic aortic dissection in patients with
Marfan syndrome. J Vasc Surg 2009;50:987-91.

642 Geisbusch P, Kotelis D, von Tengg-Kobligk H, Hyhlik-Durr A, Allenberg
JR, Bockler D. Thoracic aortic endografting in patients with connective tissue
diseases. J Endovasc Ther 2008;15:144-9.

643 Marcheix B, Rousseau H, Bongard V, Heijmen RH, Nienaber CA,
Ehrlich M, et al. Stent grafting of dissected descending aorta in patients with
Marfan’s syndrome: mid-term results. JACC Cardiovasc Interv 2008;1:673—
80.

644 Shalhub S, Eagle KA, Asch FM, LeMaire SA, Milewicz DM, GenTAC
Investigators for the Genetically Triggered Thoracic Aortic Aneurysms and
Cardiovascular Conditions (GenTAC) Consortium, et al. Endovascular
thoracic aortic repair in confirmed or suspected genetically triggered thoracic
aortic dissection. J Vasc Surg 2018;68:364—71.

645 Mitchell RS, Ishimaru S, Ehrlich MP, lwase T, Lauterjung L, Shimono T,
et al. First International Summit on Thoracic Aortic Endografting: roundtable
on thoracic aortic dissection as an indication for endografting. J Endovasc
Ther 2002;9(Suppl. 2):1198-105.

646 Eleshra A, Rohlffs F, Spanos K, Panuccio G, Heidemann F, Tsilimparis
N, et al. Aortic remodeling after custom-made Candy-Plug for distal false
lumen occlusion in aortic dissection. J Endovasc Ther 2021;28:399-406.

647 Kolbel T, Tsilimparis N, Mani K, Rohlffs F, Wipper S, Debus ES, et al.

Physician-modified thoracic stent-graft with low distal radial force to prevent

335



distal stent-graft-induced new entry tears in patients with genetic aortic
syndromes and aortic dissection. J Endovasc Ther 2018;25:456—-63.

648 Sorber R, Smerekanych S, Pang HJ, Murphy BE, Dansey K, Sweet
MP, et al. Utilization of percutaneous closure devices for large bore arterial
access in patients with genetic aortopathy does not result in increased rates
of access site complications. J Vasc Surg 2025;81:582-9.

649 Rancic Z, Pfammatter T, Lachat M, Frauenfelder T, Veith FJ, Mayer D.
Floating aortic arch thrombus involving the supraaortic trunks: successful
treatment with supra-aortic debranching and antegrade endograft
implantation. J Vasc Surg 2009;50:1177-80.

650 Fayad ZY, Semaan E, Fahoum B, Briggs M, Tortolani A, D’Ayala M.
Aortic mural thrombus in the normal or minimally atherosclerotic aorta. Ann
Vasc Surg 2013;27:282-90.

651 Meyermann K, Trani J, Caputo FJ, Lombardi JV. Descending thoracic
aortic mural thrombus presentation and treatment strategies. J Vasc Surg
2017;66:931-6.

652 Nguyen Q, Ma X, Vervoort D, Luc JGY. Management strategies for
descending thoracic aortic thrombus: a review of the literature. Innovations
(Phila) 2022;17:283-96.

653 Grassl K, Hangler H, Gratl A, Enzmann F, Grimm M, Klocker J, et al. A
free-floating aortic thrombus: an uncommon approach to handle a rare clinical
entity. J Endovasc Ther 2024; doi: 10.1177/15266028241256817 [epub ahead
of print].

654 Morooka K, Kawamoto S, Shimozawa M, Tateishi R, Haba F, Ono S, et

al. Thoracic endovascular aortic repair for descending thoracic aortic

336



thrombus of a patient with Tolosa—Hunt syndrome. J Surg Case Rep
2025;2025:rjaf208.

655 Mastrangelo G, Di Sebastiano P, Palazzo V. Endovascular solutions for
symptomatic free-floating thrombus in thoracic aorta in rheumatoid arthritis
patients: two clinical cases. Vascular 2025;33:1085-8.

656 Svensson LG, Arafat A, Roselli EE, Idrees J, Clifford A, Tan C, et al.
Inflammatory disease of the aorta: patterns and classification of giant cell
aortitis, Takayasu arteritis, and nonsyndromic aortitis. J Thorac Cardiovasc
Surg 2015;149(2 Suppl.):S170-5.

657 Nuenninghoff DM, Hunder GG, Christianson TJ, McClelland RL,
Matteson EL. Incidence and predictors of large-artery complication (aortic
aneurysm, aortic dissection, and/or large-artery stenosis) in patients with giant
cell arteritis: a population-based study over 50 years. Arthritis Rheum
2003;48:3522-31.

658 Caspary L. Inflammatory diseases of the aorta. Vasa 2016;45:17-29.

659 Numano F. The story of Takayasu arteritis. Rheumatology (Oxford)
2002;41:103-6.

660 Onen F, Akkoc N. Epidemiology of Takayasu arteritis. Presse Med
2017;46:€197-203.

661 Jain S, Sharma N, Singh S, Bali HK, Kumar L, Sharma BK. Takayasu
arteritis in children and young Indians. Int J Cardiol 2000;75(Suppl. 1):S153—-
7.

662 Grayson PC, Ponte C, Suppiah R, Robson JC, Gribbons KB, Judge A,
et al. 2022 American College of Rheumatology/EULAR classification criteria

for Takayasu arteritis. Arthritis Rheumatol 2022;74:1872-80.

337



663 Ecclestone T, Watts RA. Classification and epidemiology of vasculitis:
emerging concepts. Best Pract Res Clin Rheumatol 2023;37:101845.

664 Jennette JC, Falk RJ, Bacon PA, Basu N, Cid MC, Ferrario F, et al.
2012 revised International Chapel Hill Consensus Conference Nomenclature
of Vasculitides. Arthritis Rheum 2013;65:1-11.

665 Scott RA, Tisi PV, Ashton HA, Allen DR. Abdominal aortic aneurysm
rupture rates: a 7-year follow-up of the entire abdominal aortic aneurysm
population detected by screening. J Vasc Surg 1998;28:124-8.

666 Castafieda S, Prieto-Pefia D, Vicente-Rabaneda EF, Triguero-Martinez
A, Roy-Vallejo E, Atienza-Mateo B, et al. Advances in the treatment of giant
cell arteritis. J Clin Med 2022;11:1588.

667 Kermani TA, Warrington KJ, Crowson CS, Ytterberg SR, Hunder GG,
Gabriel SE, et al. Large-vessel involvement in giant cell arteritis: a population-
based cohort study of the incidence-trends and prognosis. Ann Rheum Dis
2013;72:1989-94.

668 Garvey TD, Koster MJ, Crowson CS, Warrington KJ. Incidence,
survival, and diagnostic trends in GCA across seven decades in a North
American population-based cohort. Semin Arthritis Rheum 2021;51:1193-9.

669 Monti S, Agueda AF, Lugmani RA, Buttgereit F, Cid M, Dejaco C, et al.
Systematic literature review informing the 2018 update of the EULAR
recommendation for the management of large vessel vasculitis: focus on giant
cell arteritis. RMD Open 2019;5:e001003.

670 Wu L, Li F, Sun X, Liu Z, Zhou J, Zheng W, et al. Long term outcomes
and potential risk factors for endovascular repair of aortic pseudoaneurysms

in vascular Behget’s disease. Eur J Vasc Endovasc Surg 2023;66:169—77.

338



671 Ko M, Choi C, Han A, Ahn S, Kim KH, Jae HJ, et al. Long term
outcomes of open or endovascular treatment for arterial manifestations in
Behcet disease. Eur J Vasc Endovasc Surg 2025;70:534-42.

672 Brown LC, Powell JT. Risk factors for aneurysm rupture in patients kept
under ultrasound surveillance. UK Small Aneurysm Trial Participants. Ann
Surg 1999;230:289-96; discussion 296—7.

673 Soussan M, Nicolas P, Schramm C, Katsahian S, Pop G, Fain O, et al.
Management of large-vessel vasculitis with FDG-PET: a systematic literature
review and meta-analysis. Medicine (Baltimore) 2015;94:e622.

674 Caradu C, Ammollo RP, Dari L, Wanhainen A, Van Herzeele I,
Bellmunt-Montoya S, et al. Management of inflammatory aortic aneurysms — a
scoping review. Eur J Vasc Endovasc Surg 2023;65:493-502.

675 Hellmich B, Agueda A, Monti S, Buttgereit F, de Boysson H, Brouwer E,
et al. 2018 update of the EULAR recommendations for the management of
large vessel vasculitis. Ann Rheum Dis 2020;79:19-30.

676 Les I, Pijoan JI, Rodriguez-Alvarez R, Ruiz-lrastorza G, Martinez-
Berriotxoa A. Effectiveness and safety of medium-dose prednisone in giant
cell arteritis: a retrospective cohort study of 103 patients. Clin Exp Rheumatol
2015:33(2 Suppl. 89):S-90-7.

677 Misra DP, Rathore U, Patro P, Agarwal V, Sharma A. Disease-
modifying anti-rheumatic drugs for the management of Takayasu arteritis—a
systematic review and meta-analysis. Clin Rheumatol 2021;40:4391-416.

678 Mekinian A, Comarmond C, Resche-Rigon M, Mirault T, Kahn JE,

Lambert M, et al. Efficacy of biological-targeted treatments in Takayasu

339



arteritis: multicenter, retrospective study of 49 patients. Circulation
2015;132:1693-700.

679 Stone JH, Tuckwell K, Dimonaco S, Klearman M, Aringer M,
Blockmans D, et al. Trial of tocilizumab in giant-cell arteritis. N Engl J Med
2017;377:317-28.

680 Jover JA, Hernandez-Garcia C, Morado IC, Vargas E, Banares A,
Fernandez-Gutierrez B. Combined treatment of giant-cell arteritis with
methotrexate and prednisone. a randomized, double-blind, placebo-controlled
trial. Ann Intern Med 2001;134:106-14.

681 Fu Y, Chen Y. Operative experience on descending aorta with
Takayasu arteritis: a review. Front Cardiovasc Med 2023;10:1181285.

682 Saadoun D, Lambert M, Mirault T, Resche-Rigon M, Koskas F, Cluzel
P, et al. Retrospective analysis of surgery versus endovascular intervention in
Takayasu arteritis: a multicenter experience. Circulation 2012;125:813-19.

683 Blockmans D, Stroobants S, Maes A, Mortelmans L. Positron emission
tomography in giant cell arteritis and polymyalgia rheumatica: evidence for
inflammation of the aortic arch. Am J Med 2000;108:246-9.

684 Lariviere D, Benali K, Coustet B, Pasi N, Hyafil F, Klein I, et al. Positron
emission tomography and computed tomography angiography for the
diagnosis of giant cell arteritis: a real-life prospective study. Medicine
(Baltimore) 2016;95:e4146.

685 Sun N, Pandey AK, Manchikanti S, Gupta A, Rajeev A, Muniswamy S,
et al. Outcome of open repair of thoracoabdominal aortic aneurysm in

Takayasu arteritis: a retrospective analysis. Ann Vasc Surg 2024;103:99-108.

340



686 Oishi K, Mizuno T, Fujiwara T, Kuroki H, Yashima M, Takeshita M, et
al. Surgical strategy for inflammatory thoracic aortic aneurysms in the
endovascular surgery era. J Vasc Surg 2022;75:74-80.e2.

687 Espitia O, Bruneval P, Assaraf M, Pouchot J, Liozon E, de Boysson H,
et al. Long-term outcome and prognosis of noninfectious thoracic aortitis. J
Am Coll Cardiol 2023;82:1053—64.

688 Sorelius K, Wyss TR, Academic Research Consortium of Infective
Native Aortic Aneurysm (ARC of INAA), Adam D, Beck AW, Berard X, et al.
Editor’'s Choice — Infective native aortic aneurysms: a Delphi consensus
document on terminology, definition, classification, diagnosis, and reporting
standards. Eur J Vasc Endovasc Surg 2023;65:323-9.

689 Wilson WR, Bower TC, Creager MA, Amin-Hanjani S, O’'Gara PT,
Lockhart PB, et al. Vascular graft infections, mycotic aneurysms, and
endovascular infections: a scientific statement from the American Heart
Association. Circulation 2016;134:e412—60.

690 Sorelius K, Wanhainen A, Wahlgren CM, Langenskiold M, Roos H,
Resch T, et al. Nationwide study on treatment of mycotic thoracic aortic
aneurysms. Eur J Vasc Endovasc Surg 2019;57:239-46.

691 Li HL, Kwan KJS, Chan YC, Cheng SW. Contemporary outcomes of
endovascular and open surgical repair for mycotic aortic aneurysms: a
systematic review. Ann Vasc Surg 2024;100:172-83.

692 Jutidamrongphan W, Kritpracha B, Sorelius K, Hongsakul K,
Suwannanon R. Features of infective native aortic aneurysms on computed

tomography. Insights Imaging 2022;13:2.

341



693 Hannsberger D, Heinola I, di Summa PG, Sorelius K. The value of 18F-
FDG-PET-CT in the management of infective native aortic aneurysms.
Vascular 2021,;29:801-7.

694 Sorelius K, Budtz-Lilly J, Mani K, Wanhainen A. Systematic review of
the management of mycotic aortic aneurysms. Eur J Vasc Endovasc Surg
2019;58:426-35.

695 Kan CD, Lee HL, Yang YJ. Outcome after endovascular stent graft
treatment for mycotic aortic aneurysm: a systematic review. J Vasc Surg
2007;46:906-12.

696 Shirasu T, Kuno T, Yasuhara J, Yokoyama Y, Takagi H, Cullen MJ, et
al. Meta-analysis finds recurrent infection is more common after endovascular
than after open repair of infected abdominal aortic aneurysm. J Vasc Surg
2022;75:348-55.e10.

697 Dang Q, Statius van Eps RG, Wever JJ, Dutch Society of Vascular
Surgery, the Steering Committee of the Dutch Surgical Aneurysm Audit, the
Dutch Institute for Clinical Auditing, et al. Nationwide study of the treatment of
mycotic abdominal aortic aneurysms comparing open and endovascular
repair in The Netherlands. J Vasc Surg 2020;72:531-40.

698 Oderich GS, Panneton JM, Bower TC, Cherry KJ Jr, Rowland CM, Noel
AA, et al. Infected aortic aneurysms: aggressive presentation, complicated
early outcome, but durable results. J Vasc Surg 2001;34:900-8.

699 Corvera JS, Blitzer D, Copeland H, Murphy D, Hess PJ Jr, Pillai ST, et
al. Repair of thoracic and thoracoabdominal mycotic aneurysms and infected

aortic grafts using allograft. Ann Thorac Surg 2018;106:1129-35.

342



700 Puppala S, Cuthbert GA, Tingerides C, Russell DA, McPherson SJ.
Endovascular management of mycotic aortic aneurysms — a 20-year
experience from a single UK centre. Clin Radiol 2020;75:712.e13-21.

701 Sorelius K, Wanhainen A, Furebring M, Bjorck M, Gillgren P, Mani K, et
al. Nationwide study of the treatment of mycotic abdominal aortic aneurysms
comparing open and endovascular repair. Circulation 2016;134:1822-32.

702 Hosaka A, Kumamaru H, Takahashi A, Azuma N, Obara H, Miyata T, et
al. Nationwide study of surgery for primary infected abdominal aortic and
common iliac artery aneurysms. Br J Surg 2021;108:286-95.

703 Kahlberg A, Melissano G, Tshomba Y, Leopardi M, Chiesa R.
Strategies to treat thoracic aortitis and infected aortic grafts. J Cardiovasc
Surg (Torino) 2015;56:269-80.

704 Kan CD, Lee HL, Luo CY, Yang YJ. The efficacy of aortic stent grafts in
the management of mycotic abdominal aortic aneurysm—institute case
management with systemic literature comparison. Ann Vasc Surg
2010;24:433-40.

705 Luo CM, Chan CY, Chen YS, Wang SS, Chi NH, Wu IH. Long-term
outcome of endovascular treatment for mycotic aortic aneurysm. Eur J Vasc
Endovasc Surg 2017;54:464—-71.

706 Grech V. Diagnostic and surgical trends, and epidemiology of
coarctation of the aorta in a population-based study. Int J Cardiol
1999;68:197-202.

707 Hoffman JI, Kaplan S, Liberthson RR. Prevalence of congenital heart

disease. Am Heart J 2004;147:425-39.

343



708 Karaosmanoglu AD, Khawaja RD, Onur MR, Kalra MK. CT and MRI of
aortic coarctation: pre- and postsurgical findings. AJR Am J Roentgenol
2015;204:W224-33.

709 Leo I, Sabatino J, Avesani M, Moscatelli S, Bianco F, Borrelli N, et al.
Non-invasive imaging assessment in patients with aortic coarctation: a
contemporary review. J Clin Med 2023;13:28.

710 Dijkema EJ, Leiner T, Grotenhuis HB. Diagnosis, imaging and clinical
management of aortic coarctation. Heart 2017;103:1148-55.

711 Jurcut R, Daraban AM, Lorber A, Deleanu D, Amzulescu MS, Zara C,
et al. Coarctation of the aorta in adults: what is the best treatment? Case
report and literature review. J Med Life 2011;4:189-95.

712 Baumgartner H, De Backer J, Babu-Narayan SV, Budts W, Chessa M,
Diller GP, et al. 2020 ESC guidelines for the management of adult congenital
heart disease. Eur Heart J 2021;42:563—-645.

713 Cho S, Lee CH, Kim ER, Lim JH. Outcomes of aortic coarctation
surgical repair in adolescents and adults. Interact Cardiovasc Thorac Surg
2020;30:925-31.

714 Singer MI, Rowen M, Dorsey TJ. Transluminal aortic balloon
angioplasty for coarctation of the aorta in the newborn. Am Heart J
1982;103:131-2.

715 Erben Y, Oderich GS, Verhagen HIM, Witsenburg M, van den Hoven
AT, Debus ES, et al. Multicenter experience with endovascular treatment of

aortic coarctation in adults. J Vasc Surg 2019;69:671-9.e1l.

344



716 Nana P, Spanos K, Brodis A, Kouvelos G, Rickers C, Kozlik-Feldmann
R, et al. A systematic review and meta-analysis on stenting for aortic
coarctation management in adults. J Endovasc Ther 2025;32:548-57.

717 Meadows J, Minahan M, McElhinney DB, McEnaney K, Ringel R,
COAST Investigators. Intermediate outcomes in the prospective, multicenter
Coarctation of the Aorta Stent Trial (COAST). Circulation 2015;131:1656—64.

718 Sadeghipour P, Pouraliakbar HR, Farrashi M, Habibi Khorasani S,
Mohebbi B, Iranian M, et al. Balloon-expandable versus self-expanding stents
in native coarctation of the aorta: three-year results of a randomised
controlled trial. Eurointervention 2024;20:613-15.

719 Tanous D, Collins N, Dehghani P, Benson LN, Horlick EM. Covered
stents in the management of coarctation of the aorta in the adult: initial results
and 1-year angiographic and hemodynamic follow-up. Int J Cardiol
2010;140:287-95.

720 Taggart NW, Minahan M, Cabalka AK, Cetta F, Usmani K, Ringel RE,
et al. Immediate outcomes of covered stent placement for treatment or
prevention of aortic wall injury associated with coarctation of the aorta
(COAST II). JACC Cardiovasc Interv 2016;9:484-93.

721 Morray BH, Kennedy KF, McElhinney DB. Evolving utilization of
covered stents for treatment of aortic coarctation: report from the IMPACT
registry. Circ Cardiovasc Interv 2023;16:e012697.

722 Roselli EE, Qureshi A, Idrees J, Lima B, Greenberg RK, Svensson LG,
et al. Open, hybrid, and endovascular treatment for aortic coarctation and
postrepair aneurysm in adolescents and adults. Ann Thorac Surg

2012:94:751-6; discussion 757-8.

345



723 Forbes TJ, Kim DW, Du W, Turner DR, Holzer R, Amin Z, et al.
Comparison of surgical, stent, and balloon angioplasty treatment of native
coarctation of the aorta: an observational study by the CCISC (Congenital
Cardiovascular Interventional Study Consortium). J Am Coll Cardiol
2011;58:2664—74.

724 Hatoum |, Haddad RN, Saliba Z, Abdel Massih T. Endovascular stent
implantation for aortic coarctation: parameters affecting clinical outcomes. Am
J Cardiovasc Dis 2020;10:528-37.

725 Perera AH, Rudarakanchana N, Hamady M, Kashef E, Mireskandari M,
Uebing A, et al. New-generation stent grafts for endovascular management of
thoracic pseudoaneurysms after aortic coarctation repair. J Vasc Surg
2014,60:330-6.

726 Ahmadi A, Mansourian M, Sabri MR, Ghaderian M, Karimi R,
Roustazadeh R. Follow-up outcomes and effectiveness of stent implantation
for aortic coarctation: a systematic review and meta-analysis. Curr Probl
Cardiol 2024;49:102513.

727 Tanaka A, Milner R, Ota T. Kommerell's diverticulum in the current era:
a comprehensive review. Gen Thorac Cardiovasc Surg 2015;63:245-59.

728 Murray A, Meguid EA. Anatomical variation in the branching pattern of
the aortic arch: a literature review. Ir J Med Sci 2023;192:1807-17.

729 Plotkin A, Ng B, Han SM, Weaver FA, Ham SW, Bowdish ME, et al.
Association of aberrant subclavian arteries with aortic pathology and

proposed classification system. J Vasc Surg 2020;72:1534-43.

346



730 Molz G, Burri B. Aberrant subclavian artery (arteria lusoria): sex
differences in the prevalence of various forms of the malformation. Evaluation
of 1378 observations. Virchows Arch A Pathol Anat Histol 1978;380:303-15.

731 Erben Y, Brownstein AJ, Velasquez CA, Li Y, Rizzo JA, Mojibian H, et
al. Natural history and management of Kommerell’s diverticulum in a single
tertiary referral center. J Vasc Surg 2020;71:2004-11.

732 Bath J, D’Oria M, Rogers RT, Colglazier JJ, Braet DJ, Coleman DM, et
al. Contemporary outcomes after treatment of aberrant subclavian artery and
Kommerell’s diverticulum. J Vasc Surg 2023;77:1339-48.e6.

733 Ichikawa T, Koizumi J, Tanno K, Okochi T, Nomura T, Shimura S, et al.
Kommerell diverticulum in adults: evaluation of routine CT examinations.
Tokai J Exp Clin Med 2016;41:65-9.

734 Li R, Qiu X, Shi Q, Wang W, He M, Qiao J, et al. Isolated aberrant right
subclavian artery: an underlying clue for genetic anomalies. J Matern Fetal
Neonatal Med 2023;36:2183762.

735 Mantri SS, Raju B, Jumah F, Rallo MS, Nagaraj A, Khandelwal P, et al.
Aortic arch anomalies, embryology and their relevance in neuro-interventional
surgery and stroke: a review. Interv Neuroradiol 2022;28:489-98.

736 Dumfarth J, Chou AS, Ziganshin BA, Bhandari R, Peterss S, Tranquilli
M, et al. Atypical aortic arch branching variants: a novel marker for thoracic
aortic disease. J Thorac Cardiovasc Surg 2015;149:1586-92.

737 Yousef S, Singh S, Alkukhun A, Alturkmani B, Mori M, Chen J, et al.
Variants of the aortic arch in adult general population and their association

with thoracic aortic aneurysm disease. J Card Surg 2021;36:2348-54.

347



738 Ota T, Okada K, Takanashi S, Yamamoto S, Okita Y. Surgical
treatment for Kommerell’s diverticulum. J Thorac Cardiovasc Surg
2006;131:574-8.

739 Idrees J, Keshavamurthy S, Subramanian S, Clair DG, Svensson LG,
Roselli EE. Hybrid repair of Kommerell diverticulum. J Thorac Cardiovasc
Surg 2014;147:973-6.

740 Dong S, Alarhayem AQ, Meier G, Hardy DM, Lyden SP, Farivar BS.
Contemporary management and natural history of aberrant right subclavian
artery. J Vasc Surg 2022;75:1343-8.e2.

741 American College of Obstetricians and Gynecologists’ Committee on
Practice Bulletins—Obstetrics, Committee on Genetics, Society for Maternal-
Fetal Medicine. Screening for fetal chromosomal abnormalities: ACOG
practice bulletin, number 226. Obstet Gynecol 2020;136:e48-69.

742 Konstantinou N, Antonopoulos CN, Jerkku T, Banafsche R, Kolbel T,
Fiorucci B, et al. Systematic review and meta-analysis of published studies on
endovascular repair of thoracoabdominal aortic aneurysms with the t-Branch
off-the-shelf multibranched endograft. J Vasc Surg 2020;72:716-25.e1.

743 Konstantinou N, Antonopoulos CN, Tzanis K, Kolbel T, Peterss S,
Pichlmaier M, et al. Systematic review and meta-analysis of outcomes after
operative treatment of aberrant subclavian artery pathologies and suggested
reporting items. Eur J Vasc Endovasc Surg 2022;63:759-67.

744 Ben Ahmed S, Settembre N, Touma J, Brouat A, Favre JP, Jean
Baptiste E, et al. Outcomes in the treatment of aberrant subclavian arteries

using the hybrid approach. Interact Cardiovasc Thorac Surg 2022;35:ivac230.

348



745 Tsilimparis N, Prendes CF, Rouhani G, Adam D, Dias N, Stana J, et al.
Pre-loaded fenestrated thoracic endografts for distal aortic arch pathologies:
multicentre retrospective analysis of short and mid term outcomes. Eur J Vasc
Endovasc Surg 2021,62:887-95.

746 Pang X, Qiu S, Wang C, Liu K, Zhao X, Fang C. Endovascular aortic
repair with Castor single-branched stent-graft in treatment of acute type B
aortic syndrome and aberrant right subclavian artery. Vasc Endovascular
Surg 2021;55:551-9.

747 Zhou M, Bai X, Ding Y, Wang Y, Lin C, Yan D, et al. Morphology and
outcomes of total endovascular treatment of type B aortic dissection with
aberrant right subclavian artery. Eur J Vasc Endovasc Surg 2017;54:722-8.

748 Qaseem A, Forland F, Macbeth F, Ollenschlager G, Phillips S, van der
Wees P, et al. Guidelines International Network: toward international

standards for clinical practice guidelines. Ann Intern Med 2012;156:525-31.

349



Figure 1. Shaggy aorta. Sagittal computed tomography angiography (CTA)
reconstruction demonstrating extensive aortic wall irregularity with multifocal
intramural thrombus deposits along the thoracic and abdominal aorta, characteristic
of a “shaggy” aorta appearance (artist and copyright Carlota F. Prendes, Uppsala,

Sweden).

Figure 2. Spinal cord collateral circulation, involving the subclavian, hypogastric,

intercostal and lumbar arteries.130

Figure 3. Anatomic classifications of aortic dissections. SVS = Society of Vascular

Surgery; STS = Society of Thoracic Surgeons.

Figure 4. Combined anatomic and pathophysiological classifications of aortic

dissections.

Figure 5. Intramural haematoma of the thoracic aorta (artist and copyright Carlota F.

Prendes, Uppsala, Sweden).

Figure 6. Penetrating aortic ulcer of the proximal descending aorta (artist and

copyright Carlota F. Prendes, Uppsala, Sweden).

Figure 7. Crawford’s classification of thoraco-abdominal aortic aneurysm.

Permission to reproduce granted from Elsevier J Thorac Cardiovasc Surg."3
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Figure 8. Ruptured thoracic aortic aneurysm with bilateral haemothoraces. (A) Axial
computed tomography angiography (CTA) demonstrating rupture of the descending
thoracic aortic aneurysm with a large, left sided haemothorax. (B) Sagittal
multiplanar reconstruction showing the rupture site, extent of the aneurysm, and
associated haemorrhage (artist and copyright Carlota F. Prendes, Uppsala,

Sweden).

Figure 9. European Society for Vascular Surgery (ESVS) classification of traumatic
thoracic aortic injury: ESVS grade 1, injury confined to the intima or vessel wall with
normal external wall contour; ESVS grade 2, abnormal external wall contour or
external wall disruption with contained haemorrhage (e.g., pseudoaneurysm); and

ESVS grade 3, complete wall transection with free rupture.?

Figure 10. Proposed follow up protocol after blunt thoracic aortic injury (BTAI).
TEVAR = thoracic endovascular aortic repair; OSR = open surgical repair; CTA =

computed tomography angiography; MRA = magnetic resonance angiography.

Figure 11. Endoleak classification by Karkkainen et al. IMA = inferior mesenteric

artery. Permission to reproduce granted from Elsevier J Vasc Surg.#®

Figure 12. Post-operative computed tomography angiography (CTA) demonstrating
a distal stent induced new entry (SINE). (A) Sagittal multiphase reconstruction
(MPR) showing a distal SINE originating at the distal end of the thoracic stent graft.

(B) Axial CTA image highlighting the precise interface between the distal graft edge
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and the native aortic wall, corresponding to the site of the SINE (artist and copyright

Carlota F. Prendes, Uppsala, Sweden).

Figure 13. Computed tomography angiography (CTA) showing a “floating” thrombus
in the aortic arch and proximal descending thoracic aorta. Permission to reproduce

granted from Elsevier J Vasc Surg.54°

Figure 14. Axial computed tomography angiography (CTA) image demonstrating the
characteristic circumferential peri-aortic inflammatory rind surrounding the aneurysm,
typically appearing as a high attenuation, soft tissue mantle (artist and copyright

Carlota F. Prendes, Uppsala, Sweden).

Figure 15. Paravisceral mycotic aneurysm. (A) Axial computed tomography
angiography (CTA) image demonstrating asymmetrical posterior extension of the
aneurysm, with inflammatory involvement of the back aortic wall. (B) Sagittal
reconstruction showing pronounced posterior protrusion of the paravisceral
aneurysm, consistent with mycotic degeneration and localised wall destruction (artist

and copyright Carlota F. Prendes, Uppsala, Sweden).

Figure 16. Coarctation of the aorta at the isthmic level. (A) 3D computed
tomography angiography (CTA) reconstruction showing a discrete narrowing of the
aortic isthmus just distal to the origin of the left subclavian artery, with associated
post-stenotic dilatation. (B) Intra-operative angiography confirming the focal stenosis

at the same anatomical level, demonstrating the characteristic contour and calibre
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change of aortic coarctation (artist and copyright Carlota F. Prendes, Uppsala,

Sweden).

Figure 17. Suggested measurement of the aberrant subclavian artery or
Kommerell’s diverticulum in two planes: (1) the combined distance between the
edges of the diverticulum and the adjacent aorta (yellow arrow); and (2) the
transverse diameter of the aberrant right subclavian artery measured 1 cm distal to

the ostium of the vessel (blue arrow). Adopted from Erben et al.”*!

Figure 18. Image showing (A) the path of the normal aorta and (B) an aneurysm in

the thoracic aorta and the abdominal aorta.
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